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Foreword 


Ever since the predecessor of this book, Remote Control 
Projects (BP73) was published in 1980, there has been 
continuous interest in it from electronics enthusiasts and from 
workers in various fields, who have serious applications for 
remote control technology. Now, in response to this interest, 
we produce a completely new book on the subject. In doing 
this, we have retained some of the well-tried and tested circuits, 
especially the simpler ones which beginners have found easy 
to construct and use. At the same time, we have checked that 
the components specified for them are still available today. 

In addition, this book contains improved and updated 
versions of some of the previous circuits. As well as this we 
have added a number of completely new circuits that have not 
been published before. Many of these are concerned with 
aspects of remote control that have increased in importance 
during the last few years. In particular, there are circuits for 
interfacing microcomputers to remote control systems, for 
using fibre-optics, and for using the domestic mains wiring 
system as transmission links. There ‘are new circuits for 
stepper motors, voltage-to-frequency conversion and 
frequency-to-voltage conversion. 

The book provides circuit diagrams, together with full 
explanations of how they work, testing and fault-finding. 
Appendix A gives full pin-out diagrams of all semiconductors 
and integrated circuits used in the book. We do not give 
stripboard diagrams or printed circuit board layouts since 
the exact requirements for these depend so much upon the 
application. Readers who are new to electronics construction 
should refer to one or more of the books listed in Appendix 
B. The book is, of course, restricted to the electronic aspects 
of remote control, assuming that readers are already familiar 
with the mechanical aspects of the devices they wish to 
control. 

As is explained in the next chapter, remote control systems 
lend themselves to a modular approach. This makes it possible 
for a wide range of systems, from the simplest to the most 
complex, to be built up from a number of relatively simple 





modules. We have tried to ensure that, as far as possible, the 
circuit modules in this book are compatible with one another. 
They can be linked together in many different configurations 
to produce remote control systems tailored to individual 
requirements. Whether you wish simply to switch a table 
lamp on and off, to control a flying model aircraft, or to 
operate an industrial robot, we hope that this book will 
provide the circuits you require. 


Owen Bishop 
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Chapter 1 
REMOTE CONTROL SYSTEMS 


What is remote control? 

In remote control, an operator (perhaps you) exercises control 
over a controlled device without actually being in direct 
contact with it. The parts of a remote control system are 
shown in Figure 1.1. The essential features are: 


1. The operator has a transmitter, which produces code 
signals, 


2. The signals are transmitted through a transmission link. 
3. The signals are picked up by a receiver. 
4. The receiver sends control signals to the controlled device. 


As an example, take the remote-control system of a TV set. 
The operator is you. The transmitter is the hand-held device 
that you point at the TV set when you want to change channels, 
increase the sound volume, or in some other way affect the 
action of the set. The transmission link is the infra-red light 
emitted by the transmitter, some of which reaches the receiver. 
The receiver. which usually is situated in a panel at the front 
of the TV set, sends control signals to the appropriate parts 
of the TV set. The TV set responds to your remote command. 

Note the three types of signal involved in this sequence. 
The command signal is your means of putting instructions into 
the system. This is often done by pressing a button. Also 
there are systems in which the opcrator is not a person, but a 
computer. Then the command signal is a series of electrical 
pulses, generated by the computer. The code signal is usually 
a series of pulses, either electrical pulses, light pulses, ultra- 
sonic pulses, or pulses of some other kind, depending on the 
nature of the transmission link. A different series of pulses 
is generated for each command. Finally, the control signal is 
the one which actually makes the controlled device perform 
as expected. It is usually electrical, switching on relays, lamps 
or motors. 
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Fig. 1.1 The parts of a remote control system. 


Transmitters 

The function of the transmitter is to accept the command 
signal and generate the corresponding coded signal. Figure 1.1 
shows that there are several distinct parts to the transmitter. 
The command signal is received by the input interface. This 
often consists of a switch or push-button, which is either ‘on’ 
or ‘off’. There may sometimes be several such switches or 
buttons, one for each command signal. For example, a TV 
controller has individual buttons for changing channel, 
increasing volume, decreasing volume, increasing brightness, 
and so on. The next stage in the transmitter is the coder 
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circuit the function of this is to produce one of a number of 
different electrical signals, (sequence of pulses) depending 
upon which button is being pressed. We have more to say on 
the different methods of coding in later chapters. The code 
signal now has to be transmitted. This is done by sending the 
signal to a transducer. In an ultrasonic system, for example, 
the transducer is a crystal specially cut to oscillate at high 
frequency, usually at 40kHz. When a suitable electrical 
signal is applied to the crystal it emits sound waves at 40kHz. 
In short, the transducer converts an electrical signal to an 
ultrasonic one. The transducer requires a special circuit to 
drive it, which we refer to as the transmission interface. This 
receives electrical code signals from the coder and causes the 
transducer to produce the corresponding signals in ultra- 
sound. 

In an infra-red system, the principle is just the same, but 
here the transducer is a light-emitting diode, operating in the 
infra-red band. This requires a different transmission inter- 
face circuit designed to make the diode emit pulses of infra-red 
radiation. 


Transmission link 

This may simply be ‘space’, across which an electromagnetic 
signal (visible light, infra-red, radio) passes from the trans- 
mitter to the receiver. Remote control of space-craft 
depends upon this type of link, using radio signals. Though 
there is air in the room in which your TV operates, the 
infra-red signal passing from the controller to the set could 
pass equally well in the absence of air. This does not apply 
to an ultrasonic system, which requires air, or some other 
physical medium, for transmission. 


Noise 

Before going further we must consider the subject of noise. 
We can define noise as an unwanted signal that somehow or 
other gets into the system. If the noise signal is sufficiently 
large compared with the signal we are trying to transmit, it 
may prove impossible for the system to function properly 
(Fig. 1.2). Noise can be introduced into the system at any 
stage. It might, for example, be caused by a faulty or poorly 
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Fig. 1.2 Noise enters the system. 


designed push-button, which generates multiple and irregular 
input pulses instead of just one ‘clean’ pulse when it is pushed. 
Good mechanical design of the switch, and special features of 
the input interface circuit can usually prevent such noise from 
being a serious problem. Noise can also be introduced when 
an electrical circuit is influenced by magnetic fields originating 
from nearby electrical equipment. The magnetic fields from a 
TV tube can induce spurious currents in electronic circuits, 
and seriously interfere with their operation. In this way, noise 
could be introduced into the remote control system at the 
decoder or transmission interface stage. However, with good 
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circuit design and by taking precautions to shield the circuits 
from magnetic fields, it is normally easy to prevent noise in 
these circuits. The transmission link is the point at which 
noise is most likely to be introduced. In an infra-red system, 
for example, there may be several other sources of infra-red 
radiation that can produce spurious signals. Incandescent 
lamps, sunlight, heaters, other infra-red control devices and 
various other sources can interfere with transmission, or even 
saturate the receiver so that the code signals are lost altogether. 
The same applies with radio transmission, as any listener to 
the short-wave bands will have experienced. As with radio, 
several types of remote contro] system employ a kind of 
‘tuning’. Only a receiver operating with the correct frequency 
can receive the signal. This does not prevent noise from inter- 
fering with the signal, as on AM radio, but it does at least 
allow several separate systems to operate in the same locality 
without mutual interference. 

There are several techniques for minimising the effects of 
noise. One is to repeat the signal until it has been correctly 
received. If you hold down one of the buttons on the TV 
controller (and assuming that your controller has a red visible 
light emitting diode to indicate that a signal is being sent), you 
will see that it is flashing with a repeating pattern of pulses. 
When you see the set respond, by changing channel for 
example, you release the button. In the meantime the signal 
may have been sent dozens of times. Some sets may emit a 
‘bleep’ when a valid signal has been received. On other sets 
there is light-emitting diode that comes on to indicate this. 

Another method of avoiding noise is to screen the receiver 
so that it can receive signals only from a narrow angle. The 
transmitter must then be placed within this angle, which may 
limit the conditions under which the system can be used. 

The remarks above apply to open systems, in which the 
receiver is able to detect emissions from any sources in the 
locality. Although such systems are susceptible to noise, they 
have the advantage of flexibility in the positioning of trans- 
mitter and receiver. In a TV control system, you can control 
the set from almost anywhere in the room. Similarly, a flying 
model] aircraft can be controlled from any position on the 
ground, within the range of the transmitter. By contrast a 
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closed system has a physical transmission link running from 
transmitter to receiver. An example is an optical fibre link. A 
filament of special optical fibre runs from the transmitter to 
the receiver. Signals (visible or infra-red light) passed into one 
end of the fibre, emerge from the other end with relatively 
little loss of intensity and almost complete freedom from 
noise. This is because the outer coatings of the fibre prevent 
light’ entering the fibre except at its connection to the trans- 
mitter. This connection is made completely proof against 
external light sources, so eliminating noise. The disadvantage 
of this system is the physical connection between the trans- 
mitter and receiver. For example such a system is not suitable 
for controlling a mobile robot. 


Receiver 

To a certain extent the parts of the receiver are the same as 
those of the transmitter, but in reverse. The code signal is 
received by an input transducer. This converts the code signal 
into an electric signal. An ultrasonic crystal, if caused to 
vibrate by an incoming ultrasound of the correct frequency, 
produces electrical currents. A photo-cell detects pulses of 
light arriving at its surface and produces a correspondingly 
pulsing electric current. Currents flow in a radio antenna in 
response to radio signals arriving at it. 

_Unless the transmission link is closed (e.g. optical fibre or 
wired connection) the signal arriving at the receiver is very 
weak compared with that being transmitted. The greater the 
transmission distance the weaker the signal. Thus it is nearly 
always necessary for the received signal to be amplified 
electronically before anything else can be done with it. If 
noise is present, this is amplified too, though there are tech- 
niques for reducing the effects of this. Any amplifying circuit 
generates a certain amount of noise within itself so, if reliable 
Operation is required over long distances, special low-noise 
amplifiers must be used. We shall come across examples of 
these later in the book. The task of the reception interface 
is to amplify the incoming code signal. Even with amplifica- 
tion, the incoming signal may lack the sharpness of the original 
transmitted signal (Fig. 1.3), Pulses that were initially square 
may have come distorted and jagged. The reception interface 
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(a) 


(b) 


Fig. 1.3 (a) Original square-wave signal. 
(b) Signal degraded by distortion and noise. 


may therefore include circuits to restore the original square 
shape to the pulses before passing them on toe the decoder. 

The task of the decoder is to recognise the code signal and 
pass the corresponding control signal to the output interface. 
For example if you have pressed the ‘change channels’ button, 
then a particular code signal is transmitted and received. On 
receiving this particular signal, the decoder causes the output 
interface to activate that part of the TV set concerned with 
changing channels. The decoder circuit can help with the 
problem of noise, if it is designed so as to respond only to 
those signals which have particular characteristics. Thus the 
controller uses a given set of signals, which is different to the 
set used by the video player. Both devices can be controlled 
independently in the same room. 


Types of command 
If the transmitter has a single press-button or switch, there are 
only two possible commands, ‘button pressed’ and ‘button not 
pressed’. This is a very simple system which would be ade- 
quate for operating a lamp, or detonating an explosive charge. 
In such a system the button or switch is either ‘on’ or ‘off’. 
The system is termed a binary system because of its two states. 
In a binary system there is no need to have a coder or decoder 
=stage. When the button is pressed the output interface is 
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activated directly, to generate a continuous signal. When this 
reaches the input interface, the input interface communicates 
directly with the controlled device to activate it. 

The next most complicated type of command is that in 
which one of several different buttons is pressed. The TV 
controller is an example of this. Each button is either 
‘pressed’ or ‘not pressed’, and at any one time one of the 
buttons is ‘on’ while the others are ‘off’. It is also possible to 
have systems in which more than one button might be pressed 
simultaneously. In either system the state of the buttons 
may be represented by a row of 1’s and 0's, where ‘1’ is 
equivalent to ‘on’ and ‘0’ is equivalent to ‘off’. The state of 
8 buttons could be represented by 8 binary digits, like this: 


00100000 


Conventionally, the digit on the right (the least significant 
digit, if we consider this to be an 8-digit binary number) 
represents button 0. The digit on the left (the most signifi- 
cant digit) represents button 7. [n the number shown above, 
button’ S is pressed, while the others are not pressed. The 
states of the buttons are represented by the digits of a binary 
number, so this is a digital control system. Obviously, a coder 
is needed in this system, to produce a different sequence of 
pulses for each of the valid binary numbers. 

A flying model aircraft, and certain types of robot may be 
controlled by using a joystick. The simpler types of joystick 
operate a number of switches, usually 4. When the joystick is 
in the vertical position, all switches are off (0000). One or 
two of the four switches are turned on when the stick is 
pushed in a given direction. For example, switch 0 may be 
turned on when the stick is pushed forward (0001), and 
switch 1 may be switched on when it is pushed to the left 
(0010). If the stick is pushed forward and to the left, switches 
Q and 1 are on (0011). A joystick of this type is just a variant 
of the multiple push-button and gives a digital signal. Some 
versions, particularly those used with microcomputers have a 
fifth switch, the ‘fire button’. 

Joysticks of the type described above are not suitable for 
fine control. It may not be enough to command an aircraft to 
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‘dive’ or ‘climb’. We need to be able to command it to ‘dive 
very slightly’ or ‘climb very steeply’. We need to be able to 
quantify the command. In fact, as far as climbing is concern- 
ed, we need to be able to command the craft to climb at any 
angle from the smallest perceptible angle, to the steepest angle 
of which it is capable. A quantity that varies smoothly over a 
given range is known as an analogue quantity. The extent to 
which we want the craft to climb is indicated by the extent 
to which the joystick is pulled back from its central position. 
Attached to the joystick column is a rotary variable resistor 
(or potentiometer), the resistance of which is varied within a 
given range, according to how much the stick is moved from 
its central position (Fig. 1.4). Usually there are two such 
resistors, one for forward and backward movement and one 
for side to side movement. 





To coder 


Potentiometer 


Fig. 1.4 Converting the position of a joystick 
into the analogous current. 


In action, a current flows through the resistors, and the 
strength of the current through each resistor depends on its 
resistance, which in turn depends upon the position of the 
stick. The strength of the current is an analogue of the posi- 
tion of the stick. The problem is how to transmit this 
analogue information. With a direct wired connection this is 
easy since the current is sent along a wire directly to the 
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controlled device. There it drives flight motors connected to 
the flight control surfaces of the aircraft. The stronger the 
current, the greater the deflection of the control surfaces. 
This arrangement will not work for an open system. For 
example, we could make an ultrasonic transmitter, in which 
the more the joystick is moved from its central position, 
the ‘louder’ the ultrasound. Unfortunately, the volume of 
sound at a given point is affected by reflections from nearby 
objects, and by the distance from the source of sound. 
Furthermore, we could not guarantee the precise perform- 
ance of the amplifiers involved in producing the original 
signal, and in amplifying the received signal. These reasons 
make it impossible for the receiver to determine the original 
volume of transmitted sound. Transmitting an analogue 
quantity as an analogue signal is therefore a very unreliable 
technique. 

The best solution to the problem of transmitting an 
analogue quantity is to convert it into a digital quantity first. 
In the ultra-sound example, silence would be represented by 
the 8-bit binary number 00000000 (= 0 in decimal). The 
maximum sound volume would be represented by J1111111 
(= 255 in decimal). Sounds of intermediate volume would 
be represented by values between 00000000 and 11111111. 
Having converted the value to its digital form, we have an 
8-digit value to transmit. This has 256 possible values (0 to 
255), so we need a coder that produces one of 256 possible 
pulse sequences for each value. A very straightforward way 
to do this would be to transmit a pulse for every ‘I’ but no 
pulse for every ‘0’ (Fig. 1.5). 

Readers may object that, having converted the analogue 
value into a digital one, we have lost the essential nature of 
analogue values. This is their ability to take any one of an 
infinite number of values within the prescribed range. These 
represent the smooth movement of the joystick. in infinitely 
small stages, from its fully forward position to its fully back- 
ward position. Instead, the 8-bit number has only 256 
possible values. It is as if the joystick’s smooth action is 
replaced by 256 ‘click-steps’. For most purposes, this differ- 
ence is of no consequence. Given that the total angular travel 
of the joystick is about 70°, one step in the binary range 
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represents an angular movement of the stick of only 0.27°. 
This action is ‘smooth’ enough for most applications. 
However, if greater pizcision is essential, we can resort to 
converting the analogue quantity into a 12-digit binary 
number. This gives us 4096 steps from 000000000000 to 
111111111111. One step is equivalent to an angular change 
of only 0.017° in the position of the stick. 


interval 
between (a) 
pulses 
0 1 1 0 1 0 ak 0 


(b) 


Fig. 1.5 Two ways of coding the number 01101010 
for transmission as a series of pulses: 
(a} pulse absent = 0; pulse present = 1: 
{b} short pulse = 0; long pulse = 1. 


Converting analogue quantities to digital quantities may 
sound complicated but, it is surprisingly easy in practice. This 
is because several types of integrated circuit have been design- 
ed just for this purpose. They are called analogue-to-digital 
converters. Sometimes they are referred to as A-to-D con- 
verters, for short. They are easy to use. The analogue signal 
is fed into one terminal of the i.c., and the corresponding 
digital output is obtained from 8 (or 12) output terminals. 
These outputs may then be fed to the coder. The reverse 
process is required in the receiver. The decoder produces an 
8-bit digital value which is converted to an analogue signal by 
a digital-to-analogue (D-to-A} converter i.c. The analogue 
output from this. usually a voltage varying between OV and 
1.2V, is then fed to the controlled device. Here it may be used 
for such purposes as varying the speed of a motor, or deter- 
mining the position of a servo-mechanism, or varying the 


1] 


brightness of a TV picture. Since the input to the D-to-A 
converter has 256 possible values from 0 to 255, the so-called 
analogue output can not be a truly analogue quantity. The 
voltage actually takes one of 256 stepped values between OV 
and 1.2V. Thus each step is only 4.7mV away from those on 
either side of it and, for all practical purposes this is an 
analogue quantity. 
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Chapter 2 
TRANSMISSION LINKS 


Several of the transmission links have already been mentioned 
briefly in Chapter 1. In this chapter we examine each in 
detail. Very often the choice of transmission link is the first 
stage in designing a remote control system. This is because 
each type of link has its own special features, suiting it for 
certain applications, We consider these features in this chap- 
ter. To make selections easier, the transmission links are 
divided according to the circumstances under which they 
can be used. 


In the same room 


This includes links that can be used at distances up to about 
10 metres, and where communication between the transmitter 
and receiver is either direct or by reflection from the walls or 
ceiling of the room. 


Ultra-sound 

Ultra-sound is sound of high frequency, or pitch. Its pitch is 
too high to be heard by the human ear, though dogs and 
certain other animals are sensitive to it. Ultra-sound is usually 
generated by using a crystal that has its surfaces ground so that 
it vibrates at a frequency of 40kHz. To make the crystal 
vibrate we apply an oscillating potential across it. If the 
frequency of the oscillator is exactly 40kHz, the crystal 
resonates in phase with the applied oscillating potential, and 
ultra-sound is generated. 

Ultra-sound is detected by the reverse process. The detec- 
tor is a crystal similar to the generator crystal. Its surfaces 
are ground so that it vibrates at a frequency of 40kHz. When 
ultra-sound of the correct frequency falls on this crystal, the 
crystal resonates and begins to vibrate at the same frequency. 
Its vibrations generate an oscillating potential difference 
between opposite surfaces of the crystal. This potential is 
detected by suitable circuitry. ‘ 
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The advantages of ultra-sound are that the crystals are 
inexpensive and that the circuits required to generate the 
oscillating potential, and to detect the oscillations of the 
receiver crystal, are simple to construct and operate. A system 
using ultra-sound is therefore a good one for a beginner to 
construct as an introduction to remote contro! systems. 

- The wavelength of ultra-sound at 40kHz is a little less 
than 8mm. This is far less than the wavelength of the sounds 
contained in the human voice, which average 2 metres or 
more. Most of the sounds of everyday life have wavelengths 
well over 1 metre. 

Since the furniture and other objects in a room (including 
people) have dimensions that are generally smaller than the 
wavelengths of everyday sounds, the sound waves are 
diffracted around such objects when they meet them. The 
objects do not cast any ‘sound shadow’. If someone stands 
between you and the radio, you can still hear the broadcast 
well; if you are hiding behind a tree you can be heard when 
you sneeze. Similarly, sounds are diffracted when they come 
to an opening that is smaller than their wavelength. Sounds 
made inside a room pass through an open doorway or window 
and can be heard outside. You do not need to be able to see 
a person who is talking in a room to be able to hear that 
person quite plainly. 

Ultra-sound is also diffracted by objects or openings as 
small as or smaller than its wavelength. Since people, furniture 
and many other objects have dimensions far greater than 8mm, 
they cast distinct sound shadows. If a person stands between 
the ultra-sonic transmitter and receiver, the transmission is 
blocked. Even a hand placed between them can prevent the 
transmission. It is important to remember this when using 
ultra-sound for remote contro]. Though you may be able to 
hear the sounds made by the model, the receiver in the model 
may not be able to hear the ultra-sound from the transmitter. 
If you wish to transmit ultra-sound from room to room, you 
must have an open ‘line-of-sight’ between transmitter and 
receiver. An alternative is to place a smooth reflective surface 
at the doorway to catch and redirect the beam from the 
transmitter. 

The main disadvantage of ultra-sonic contro] is that the 
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range of control is normally limited to a few metres. The 
sound emitted by the crystal is confined to a relatively narrow 
beam. As with the sound from a treble loudspeaker, the beam 
does not spread appreciably. Similarly, the receiving crystal 
has a fairly narrow angle of acceptance. The effect is that the 
transmitter needs to be aimed fairly accurately at the receiver 
and to be within its angle of acceptance. For many applica- 
tions this is no problem and can be an advantage. Although it 
is not normally affected by noise (using the term in the sense 
described in Chapter 1), certain sounds have brief ultra-sonic 
components and may cause spurious action on occasions. 


Infra-red 

This is one of the most popular techniques for domestic use. 
The infra-red radiation is generated by one or more light- 
emitting diodes (LEDs). They are cheap, have low current 
consumption, low failure rate, and the circuitry for driving 
them is simple. There are several devices suitable for 
detecting infra-red, though the most generally used is an 
inexpensive photodiode with enhanced sensitivity in the 
infra-red band. Circuitry of short range systems is simple and 
within the scope of the beginner. The range of operation is 
usually limited to a few metres though, in principle, a bank of 
ten or more LEDs working in parallel could be used to extend 
the range for use outdoors. There could be problems of noise 
from other sources of infra-red (e.g. the Sun) under such 
circumstances, unless precautions were taken to limit the angle 
of acceptance of the receiver by using a long tubular hood. 


Visible light 
This is an alternative to infra-red that is suitable for use in a 
room. See later in this chapter for further comments. 


Wire 

This is the easiest and cheapest transmission link of all. A pair 
of wires run from the coder of the transmitter to the decoder 
of the receiver. One wire is for ‘ground’ connection (OV), the 
other carries the signal. The prime disadvantage is that there 
has to be a physical connection to the controlled device. If 
this has to be mobile a wired connection may be out of the 
question. 
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Using 2 wired connection might séem to be almost equiva- 
lent to wiring the control panel directly to the controlled 
device, but there is an important difference. Given a control 
panel with 20 buttons, for example, we would need 21 wires 
to join it to the controlled device. A multicored cable of this 
size is cumbersome and expensive. By using the coding and 
decoding techniques of remote control, we are able to reduce 
the number of connecting wires to only 2. In effect, the 
buttons ‘share’ the pair of wires because the decoder sends a 
different signal along the wire depending upon which button 
is pressed. It is feasible to carry this concept further, having 
two or more control panels and two or more controlled 
devices all sharing the same pair of wires. Each panel might 
produce the same set of codes or each could be allocated its 
distinct set of codes. Similarly, the decoders in each device 
can be designed so as to respond only to codes concerning 
that particular device. 

An application of this idea is the control of a model rail- 
way. There can be a number of control panels located 
conveniently around the layout. Each locomotive, pair of 
points, turntable, and signal is an individually controlled 
device. Instead of a pair of wires, we use the rails themselves. 

One of the chief advantages of a wired system is that noise 
is kept to a minimtm. Only in an environment in which there 
is strong electro-magnetic activity is there likely to be any 
trouble. A workshop in which heavy-duty motors are continu- 
ally being switched on or off, is less suitable for wired 
transmission. The same applies to a model railway system. 
Even so, a good coding and decoding system overcomes 
intermittent noise simply by repeating the transmission until 
the message is safely received. 


In an adjacent room 


The main consideration here is whether the operator needs to 
know whether the command has been received and acted on. 
Maybe this will not matter but, if it does, some kind of feed- 
back is required from the controlled device. This can take the 
form of a second remote link, operating in the reverse direc- 
tion. Suggested systems are described later in the book. 
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Wire 

This has been discussed in the previous section. If the wire is 
several tens of metres long and the signal is being transmitted 
at high frequency, it may be necessary fo employ a line driver 
to minimise distortion of the signal. Suitable devices are 
described later. 


Mains wiring 

This is an extension of the system described earlier. When a 
building already has a wiring system that goes to every room, 
it makes sense to use this as a transmission link, instead of 
installing a separate wiring system for the purpose. Since the 
controlled devices will probably require a mains power supply 
anyway, the device needs only to be plugged in to the mains, 
and is then able to receive coded signals along the mains 
supply. The great advantage of using the mains wiring is 
flexibility. If you need to re-locate the control panel or any 
of the controlled devices to other rooms, no rewiring is 
required. Just unplug the device from its socket and plug it 
into another socket elsewhere in the house. 

An important consideration when using mains wiring is 
that the mains supply is noisy. There is the 50Hz signal of 
the AC mains frequency. plus innumerable spikes as equip- 
ment is switched on and off, not only in the house itself, but 
possibly in adjoining premises. This problem is overcome by 
the use of suitable coding and decoding circuits. 

A difficulty confronting the beginner is that the circuits 
necessarily include sections connected to the mains supply. 
Precautions have to be taken to ensure that the circuits are 
safely constructed. There are also risks at the testing stages, 
if the enclosure has to be open for testing, so exposing parts 
of the circuit which are at mains voltage. However, provided 
sensible precautions are taken and strictly observed there need 
be no real danger on this score. However these types of 
circuits are not recommended for the beginner. 


Optical fibre 

For complete immunity from noise, the use of optical fibre is 
strongly recommended. The signal takes the form of pulses 
of infra-red or visible light. Local electromagnetic activity has 
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no effect whatsoever on the signal while it is passing through 
the optical fibre. Signals can be transmitted over distances of 
100m or more with little noise or distortion. As with a direct 
wire connection, there is the disadvantage that the mobility 
of the controlled device is severely restricted. 

Optical cable and the components required for interfacing 
it to the electronic circuits are relatively expensive, though 
costs have fallen in recent years. It is best, therefore, to limit 
the use of optical fibre to those systems in which freedom 
from noise is essential. Another application for optical fibre 
is in a system in which total security is essential. Code signals 
can not be intercepted and decoded by any device other than 
that in the intended receiver. 


Greater distances 


Radio 

For distances of several hundred metres ultra-sound and infra- 
red lack the power, optical fibre is usually too expensive and 
wired systems are often impracticable. Radio has considerable 
advantages. The remote control of flying model aircraft, 
vehicles, boats and mobile robots are frequently met examples. 
The radio transmitter and receiver are more expensive to 
construct (though not unduly so), more bulky and have a 
greater current consumption, but these are not insuperable 
problems. The construction and alignment of a radio trans- 
mitter and receiver require a little more expertise, but are 
within the scope of all except the absolute beginner. 

As in many other systems, noise can be a problem. Ina 
radio system, the commonest source of noise is other radio 
transmissions. Operators of flying model aircraft may 
experience interference from CB transmitters operating in 
the locality — particularly from passing cars and lorries. 
This has been known to cause the operator to lose control. 


Visible light 

A big advantage of using visible light as the transmission link 
is that the transmitter and receiver can be very simply .con- 
structed. Indeed, a cheap pocket torch will often act as a 
transmitter of the single-pulse kind, The great difficulty is 
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that light abounds in the environment, especially by day, so 
that the transmissions may be subject to considerable inter- 
ference. One way of reducing the interference problem is to 
transmit the light in a sharply-focused beam. The light is 
produced by a small filament-lamp, such as an ordinary torch- 
bulb, and is brought to a parallel-sided beam by a short-focus 
lens. This is directed at a similar device, with a light-sensitive 
transistor or phototransistor in place of the bulb. One 
advantage of this system is that control may be exercised over 
considerable distances — several tens of metres — but the 
receiver and transmitter must be visible to each other, For 
distances exceeding, say 20 metres, some care must be taken 
to align the transmitting and receiving devices, and they must 
be secured firmly against the effects of wind and weather, but 
once so adjusted, the system is reliable. It has practically no 
application to model control, except for fixed models, such as 
model machines, but can have applications for the remote 
control of many other kinds of electrically-powered device, 
such as pumps, greenhouse heaters and lights. They are 
especially useful where it is not permissible or convenient to 
tun wires to carry the transmissions, for example, if a public 
road passes between transmitter and receiver. 
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Chapter 3 
DIGITAL ELECTRONICS 


Many of the circuits described in this book are digital elec- 
tronic circuits. Before going further, it is important to be 
clear what is meant by this. Since digital electronics depends 
upon the binary number system, we must first look at what 
this is, as far as it applies to electronic circuits. 


Binary numbers 

Through the ages, several different systems have been 
invented for counting numbers of objects. The one that most 
people use today is the decimal system. In this system there 
are ten numeric symbols, 0 to 9, used to express values in the 
range 0 to 9. To express values greater than 9, we use the 
same ten symbols, but the value represented by a symbol 
depends upon its position within the string of digits represent- 
ing the value. In other words, we have hundreds, tens and 
units and, for bigger values, thousands, tens of thousands and 
so on. 

For example, the value ‘two hundred and forty-four’ is 
written in decimal notation as ‘244’. This example uses two 
of the ten numeric symbols, ‘2’ and ‘4’. The ‘4’ on the right 
represents 4 units. The next ‘4’, being positioned second from 
the right, represents four fens, or forty. The ‘2’, being 
positioned third from the right, represents two hundreds. 
Increasing the value of the left-most digit by 1 increases the 
value of the whole number by 100, an effect that is more 
significant than that of increasing either of the other two 
digits by 1. Therefore the ‘2’, which occupies the left-most 
position is referred to as the most significant digit. We often 
use the abbreviation ‘MSD’ for this digit. The right-most 
digit is referred to as the Jeast significant digit. 

The same value written in binary notation is ‘11110100’. 
Only two symbols, ‘0’ and ‘1’ are used in the binary system. 
To express the value ‘two’ we use a position-dependent 
system, just as in the decimnal system. The position, reading 
from the right, represents powers of two instead of powers 
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of ten. © 

In the decimal form (244) the digits represent hundreds, 
tens, and units. 

In the binary form (11110100) the digits represent one- 
hundred-and-twenty-eights, sixty-fours, thirty-twos, sixteens, 
eights, fours, twos and units. 

Thus the binary value 11110100 is converted to decimal 
form like this, working from the right: 


Decimal equivalent 


The right-most ‘0’ (LSD) means ‘no units’ 0 
The next ‘0’ means ‘no twos’ 0 
The right-most ‘]’ means ‘one four’ 4 
The next ‘0’ means ‘no eights’ 0 
The next ‘1’ means ‘one sixteen’ 16 
The next ‘1’ means ‘one thirty-two’ 32 
The next ‘I’ means ‘one sixty-four’ 64 
The left-most ‘1’ (MSD) means ‘one one-hundred 

and twenty-eight’ 128 


Total value = 244 


In general, when a value expressed is in binary it requires 
more digits than when it is expressed in decimal. So what is 
the advantage of using the binary system in electronic circuits? 
The next section explains this. 


Binary circuits 

In many electronic circuits, a part of the circuit may be in one 
of two distinct states. The circuit is such that no in-between 
States are possible: For example, a switch is either open or 
closed. It is not possible for the switch to be ‘half-open’ or 
‘half-closed’. We could represent the state of such a circuit 
by ‘0’ if the circuit is open, or ‘1’ if it is closed. Figure 3.1 
shows a circuit that has 8 switches. Each one represents a 
digit of a binary value. The circuit is shown in the state 
which represents the binary value 11110100, equivalent to 
decimal 244. The value is represented not only by the states 
of the switches, but also by the states of the lamps. 
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Fig. 3.7 A simple way of representing the value 244 
in digital form. ON=1; OFF =0. 


It might be argued that a lamp can be in one of many states 
between fully off and fully on. It might possibly have a vari- 
able resistor in series with it. This situation can be resolved 
by defining what we mean by ‘on’ and ‘off’. We could say 
that if the brightness of the lamp is below a given level the 
lamp counts as ‘off’. This includes the true fully off state 
when no current flows through the lamp. If the lamp is 
brighter than a certain level, it counts as ‘on’. To make the 
distinction between ‘on’ and ‘off’ clearer, there could be a 
range of intermediate brightness which we count as neither 
‘on’ nor ‘off’. The circuit would be designed so that this 
intermediate brightness could not normally occur. In this 
way, a circuit that could possibly be in many intermediate 
states is considered to have only two valid states. It isa binary 
circuit. 

Binary circuits are the basis of computers. Though numer- 
ical values normally appear on the screen in decimal form, 
this is only to make things easier for the human operator. 
Within the computer itself all values are handled in binary 
form. To represent values larger than 1 it is necessary to have 
several circuits working in parallel, each one representing a 
single digit. The circuit of Figure 3.1 is of this type. Another 
way is to arrange for the output of the circuit to represent the 
digits one after another, as a sequence of pulses. A circuit that 
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produces an output like that shown in Figure 1.5 is an 
example. Either type of circuit is known as a digital electronic 
circuit. 


Logic levels 
In most computers, and in many of our remote control circuits, 
the digits are represented by voltage levels. It might be thought 
that, since a voltage can take any value within a reasonable 
range, voltage could be used to represent numeric values 
directly. We could have 1V to represent 1, 2V to represent 2, 
and so on. In practice, this leads to many difficulties. Such a 
scheme would not be practicable for large values. Yet, if we 
were to scale the values down, so that 1V represents say 
10,000, the difference between 1 and 2 is only O.JmV. 
Circuits to produce or measure voltages with sufficient 
precision are very expensive to construct. To build something 
as complicated as a computer from such circuits would be 
prohibitively expensive. This is why computers are based on 
digital electronics. The circuits can be simple and cheap, yet 
are precise, extremely reliable and fast-acting 

Simplification and robustness of operation can be achieved 
if we do not require absolute precision in operation. We adopt 
the approach described in the example of lamp brightness, 
given earlier. We decide what voltage range shall represent 
‘0’ and what shall represent ‘1’. One of the more widely used 
types of digital circuit is known as TTL. This is short for 
transistor-transistor logic. Many of the circuits described in 
this book make use of TTL, since they can be built up quickly 
from ready-made and inexpensive unit circuits. These are 
available very cheaply as integrated circuits. TTL circuits use a 
Standard SV supply. Any voltage between OV and 0.8V 
represents ‘0’. We usually refer to this as ‘low’. Any voltage 
between 2V and 5V represents ‘1’, and is referred to as ‘high’. 
Voltages of intermediate level (0.8V to 2V) are not valid, and 
produce indeterminate results. Circuits must be designed so 
that such voltages can not occur. Given the wide range of 
voltages that are acceptable, this requirement presents no 
problems to the designer. 

It is important to remember the valid TTL voltages when 
testing circuits that you have built. If you expect to find a 
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‘high’ voltage at a certain terminal, do not assume that it must 
necessarily be the full 5V of the supply. If your test measure- 
ment shows the voltage to be 3.75V, for example, this is valid 
as a ‘high’ voltage. Of course, if the voltage is only a little 
above 2V, it might happen that, under other operating 
conditions, the voltage could fall a little below 2V resulting 
in unreliable operation. Circuits in this book are designed not 
to produce voltages close to the permissible limits, so it would 
be worthwhile to check the connections carefully. 

The standard operating voltage of TTL is 5V, which is the 
power supply voltage used for most of the circuits in a micro- 
computer. This voltage is not readily obtainable from a 
battery. This limits the usefulness of TTL in portable equip- 
ment. including much remote control equipment. However, 
most circuits employing TTL will also operate on a 6V supply, 
which may be obtained from four 1.5V cells connected in 
series. The operating voltage is supplied to the collecrors of 
the bipolar transistors in the logic i.c.s. For this reason the 
supply rail is often referred to as Voc. 

The other main group of logic circuits used in this book is 
the CMOS family. This uses an operating voltage anywhere 
between 3V and 15V. Many of the circuits in this book use a 
9V supply, because this is conveniently obtainable from a PP3 
or similar 9V battery. The small physical size of the battery 
makes it ideal for use in hand-held equipment, such as con- 
troller units. 

The current requirements of CMOS are less than that of the 
standard TTL (though there are low-power versions of TTL). 
This means that a small battery such as the PP3 has a long 
operating life with CMOS circuits. Owing to the nature of 
CMOS devices, output voltage levels are either close to OV or 
close to the supply voltage. This ‘all-or-nothing’ feature lends 
itself to digital design, in which a voltage close to OV 
represents ‘OQ’ and a voltage close to the supply voltage 
represents ‘1’. The operating voltage is supplied to the drain 
electrodes of the field effect transistors in the logic i.c.s. For 
this reason the supply rail is often referred to as Vypp. The OV 
rail, connected to the source electrodes is often referred to as 
Voc. 
While this book was in preparation, two new series of TTL 
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i.c.s: became widely available. These are the 74HC and the 
74HCT series, both of which are pin-compatible with standard 
TTL and so can be substituted for the standard (74 series) and 
low power (74LS series) i.c.s used in this book. The 74HC 
series is based on CMOS technology so it has the advantage of 
very low power requirements, an important consideration for 
battery-powered remote control. Its power requirements are 
considerably less even than that of the CMOS ‘4000’ series, 
thus effecting even greater savings. Yet it does not have the 
disadvantage of the slow speed of the ‘4000° i.c.s. Although 
its fan-out (the number of gates its outputs can be fed to) is 
not as great as standard TTL, none of the circuits in this book 
require high fan-out, so this is not likely to be a design prob- 
lem. The only point to bear in mind. if you are mixing stand- 
ard and 74HC types in the same circuit, is that a 74HC output 
can supply only 2 standard TTL inputs. It can supply JO !ow 
power TTL inputs, and an unlimited number of 74HC or 
‘4000’ series inputs. 

Another ‘plus’ feature of the 74HC series is that it does not 
require the regulated +5V supply needed by standard TTL. It 
operates on any supply voltage in the range +2V to +6V. This 
too makes it very suitable for battery-powered applications. 

Although the 74HC series has many points in its favour, 
there are some features that could be disadvantageous under 
certain circumstances. For one thing, it is CMOS-based and 
therefore needs the careful handling referred to on page 28. 
There is also the point that its input characteristics are not 
identical with those of standard and low power TTL. In other 
words, if you feed a standard or low power TTL output to 
a 74HC input terminal, the 74HC circuit may not differentiate 
correctly between ‘low’ and ‘high’. It is therefore possible that 
some of the circuits in this book, especially those using TTL 
i.c.s as ‘clocks’, may not work in exactly the same way. If 
you are mixing TTL types in one circuit and have standard or 
low power TTL outputs going to 74HC inputs, connect the 
74HC input to Voc by a 4.7kQ resistor. This acts as a pull-up 
resistor, raising the standard TTL high output level to that 
recognised by 74HC as a high input. If problems arise over 
these slightly different input characteristics of 74HC, the 
T4HCT series can be used. This has the same input character- 
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istics as standard TTL. The 74HCT series, however has a 
smaller power supply range, from 4.5V to 5.5V, though it 
probably works correctly ona 6V battery in most applications. 

It is possible to use both TTL and CMOS i.c.s in the same 
circuit. This may be useful if i.c.s to provide all the functions 
required in a circuit are not all available in one family. It is 
easiest, though not essential, to operate both types of i.c. on 
the same supply voltage. TTL requires Voc to be +5V (or 
+6V, for battery-powered equipment), and this is suitable for 
the Vpp rail for CMOS. 

The input and output characteristics of TTL and CMOS 
do not match. Figure 3.2 shows how to connect an output 
from one type to an input of the other type. 

The main disadvantage of CMOS is that the i.c.s are suscep- 
tible to damage by stray electro-static charges. Though the. 
manufacturers protect the i.c.s by incorporating diodes to 
short-circuit externally applied charges, it is wise to eliminate 
the risk of damage by observing these few precautions when 
handling CMOS i.c.s: 






: Unlimited 

ull-up number 

(a) resistor, of CMOS 
gates 


TTLor CMOS gate 
low power (operating on +5V) 
TTL gate 


(b) 
Low power TTL 
CMOS gate (LS series — 1 gate only) 
(operating on +5V) NOT STANDARD TTL 


Fig. 3.2 (a} Driving CMOS from standard or low power TTL 
(b) Driving low power TTL from CMOS 
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(i) Suppliers usually send the i.c. to you with its terminal 
pins shorted together by metal foil or conductive foam 
(black); leave the i.c. in this packing until you are ready 
to use it. 

(ii) Carry out all construction work on an earthed metal 
surface. The author uses an inverted lid from an old 
biscuit ‘tin’. 

(iii) Do not wear clothes made from synthetic fibre when 
handling CMOS i.c.s for these are liable to generate 
electrostatic charges. Preferably roll up your sleeves 
and rest your wrist or forearm on the metal sheet when 
handling the i.c.s. 

(iv) Earth the bit of the soldering iron. 

(v) Touch other metal tools (wire-strippers, screwdrivers, 
etc.) against the metal sheet to discharge them immedi- 
ately before use. 

(vi) Build the circuit without i.c.s, then solder the i.c.s last. 

(vii) When testing partly-built circuits, the power supply to 
the ic. must be on before high inputs are applied to 
other pins. When testing is completed, the power supply 
should be disconnected last. 


One way of minimising danger to the i.c. is to mount it ina 
socket. The circuit is built first, including the socket for the 
i.c. When all is complete and checked, the i.c. can be inserted 
in the socket, observing precautions (i), (ii) and (iii) as listed 
above. Using sockets simplifies the procedure and makes it 
much easier to remove the i.c. later should this be necessary. 
On the other hand, the price of the socket may be greater than 
that of the i.c., so direct soldering and careful observance of 
all the precautions can save money. The use of pin strips 
instead of conventional i.c. sockets is a satisfactory com- 
promise for those who do not wish to risk soldering the i-c.s 
directly to the circuit board. The beginner should not be put 
off by the grim warnings above. Using the above procedure, 
and even with occasional careless lapses, the author has never 


. damaged any i.c. among the many hundreds handled. 
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Chapter 4 
METHODS OF CONTROL 


In this chapter we deal with the various methods of coding 
commund signals. It is essential to consider these before 
designing a system in detail. 

As Figure 4.1 illustrates, there are five main methods of 
control. 


Meaning depends Single-pulse and 
—_____necontext [| sequential pulse 


(a) 


0 ee 0 5] Multiple pulse 


j~w—- Message» (b) 
of 4 digits 
Pulse position 


| | | LL | modulation 


Next a cosa e e 
message 3 
0 Ol Proportional control 
(a) 
Representing analogue Minimum pulse length 


quantities by pulse width 


Fig. 4.1 Waveforms of various types of control signal. 
§ = synchronising pulse or interval. 


Single pulse 

A single pulse (a burst of ultra-sound, for example, or a flash 
of radiation from an infra-red LED), triggers a single response. 
The effect can be a true trigger in that the action continues 
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after the pulse has ended. For example, the pulse triggers a 
lamp to switch on. It stays on after the pulse is ended. Alter- 
natively, the lamp remains on only for as long as the pulse 
continues. 

This is by far the simplest method of remote control, and is 
adequate for many purposes. The controller unit requires only 
a single push-button. No coding or decoding are required 
since the pulse itself conveys all the necessary information. 


Sequential pulse 
This is an extension of the single pulse method. The technique 
is used in the cheaper kind of remote control systems, to con- 
tro] several functions in an apparently independent manner. 
The controller unit has only a single push-button, and trans- 
mits a single pulse each time the button is pressed. Again, no 
coder or decoder are required. The sequential action occurs 
in the output interface of the receiver. This has two or more 
outputs each controlling one function in the controlled device. 
The method is best explained by reference to an example. 
A radio-controlled toy robot or vehicle might have 6 func- 
tions: start, steer straight ahead, turn left, turn right, sound 
bleeper, and stop. These are each put into effect by switches 
within the robot which stop or start motors or bring various 
other mechanisms into play. As the operator presses the 
control button repeatedly, these functions are brought into 
action in sequence. If the sequence is that listed above,. the 
first pulse makes the robot begin moving. It goes straight 
ahead or turns, depending on what it was doing when running 
previously. The operator presses the button again, activating 
the second function. It moves straight ahead, whether or not 
it was-previously tuming. The third pulse makes it turn left. 
If the operator wants it to tum right instead, pulse 3 is quickly 
followed by pulse 4, so that the robot has no time to make an 
effective response to pulse 3. The robot responds to the pulse 
in sequence, but the operator makes it skip over the unwanted 
functions by pressing the button again immediately. The 
robot continues turing right. To stop it turning right four 
more pulses in quick succession, make it skip the ‘bleeper’, 
‘stop’ and ‘start’ functions and bring the ‘straight ahead’ 
function into action. 
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This method of control may sound cumbersome, as it 
certainly is if there are many functions in the sequence, but 
has the merit of simplicity. With a few functions, perhaps 
eight as a maximum, the circuits are easy to build and to use. 

The simplest form of sequential control is the toggle 
action. There are only 2 steps in the sequence. A lamp, for 
example, is switched on when the first pulse arrives. It 
remains on until the next pulse arrives. The effect is exactly 
like that of the push-on/push-off switches often found on 
domestic lighting equipment. There are many applications for 
this type of control. 


Multiple pulse 

This method is used when the functions of the controlled 
device are such that skipping quickly through some of them 
is not feasible. Or it may be that there are so many functions 
that it would take too long to run through the sequence each 
time a new function is to be brought into action. With this 
system each function is controlled entirely independently of 
the rest. The controller usually has several buttons or keys, 
one for each function. There is a coder to generate a series of 
coded pulses. In the relatively simple multiple-pulse coder 
described in this book, the series of pulses begins with a short 
synchronising pulse (Fig. 4.1b). This alerts the decoder in the 
receiver to the fact that a series of pulses is about to arrive. 
During the next four pulse intervals, high or low pulses are 
received. These constitute the coded signal. Thus any binary 
number in the range 0000 to 1111 (0 to 15 in decimal) can be 
transmitted, giving a maximum of 16 different codes. After 
decoding, up to 16 different functions can be activated, which 
is more than enough for most applications. A model railway 
locomotive might use the following: forward, reverse, stop, 
slow speed, medium speed, high speed, lights on, lights off, 
sound whistle. This still leaves 7 functions available for the 
ingenious modeller to use for other purposes. 


Pulse position modulation 

In this system the pulses are all of equal length. The intervals 
between the pulses are varied to convey the coded information. 
In this book we use a system based on a proprietary i.c. The 
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pulse train consists of 6 pulses (Fig. 4.1c), allowing a coded 
message of 5 binary digits, and a synchronising interval. This 
i.c. is designed for controlling devices such as TV sets. The 
keyboard has up to 21 keys. The system allows for a number 
of functions, including three analogue outputs. On a TV set 
these would be used for controlling volume, brightness and 
contrast, but they are equally applicable to the controlling of 
the speed of motors. Further details are given in the sections 
dealing with using these i.c.s. 


Analogue control 

There are two approaches to analogue control. In one, of 
which the PPM system described above is an example, an 
analogue output of the decoder is at a fixed voltage when first 
switched on. A motor connected to such an output always 
begins running at a fixed speed. Then the command given is 
either to increase or to decrease the analogue output. The 
output is accordingly stepped up or down to its maximum or 
minimum value. The multiple-pulse system can also be used to 
produce a similar action by allocating one code to ‘step up’ 
and another to ‘step down’. This technique is simple and 
reliable. To give a reasonably fine control requires a mini- 
mum of 32 steps, and each step takes an appreciable time to 
occur. To step from one extreme to the other can be 
unacceptably slow. However, for many purposes, such as 
altering the sound volume of a TV set, a slow rate of change 
is an asset. 

The other approach to analogue control allows instantane- 
ous changes in the analogue output and a fine degree of 
control. In this system (Fig. 4.1d), pulses are sent at regular 
intervals but the /ength of the pulse is varied in proportion to 
the analogue quantity being transmitted. This is known as 
the proportional control method. The pulse length can be 
varied smoothly between its minimum and maximum, so a 
true analogue control is obtainable. Since the system normally 
Tequires two time-dependent circuits, one in the transmitter 
and one in the receiver, it is difficult to ensure that a given 
input to the transmitter (e.g. joystick position) will result in 
accurate response (e.g. rudder position) in the controlled 
device. If there is some kind of feedback (the operator can see 


32 


the controlled device), this presents no problem. An advan- 
tage of the system is that the circuits required are relatively 
simple. 

A more serious trouble that may affect the proportional 
control is noise. This can alter the apparent length of the 
pulse, so introducing error into the system, when the receiving 
circuits try to measure the pulse length. Response is erratic. 
One way round this is to convert the analogue quantity into 
digital form before coding. A multiple pulse system is then 
used to transmit the digital value. A 4-digit multiple pulse 
system provides 16 steps between minimum and maximum 
values. For finer control, use 5 digits (32 steps, equivalent to 
the PPM system) or preferably 8 digits (256 steps). 


Choosing a method 

The choice will nearly always go to the simplest method that 
provides all the required control features, and works reliably 
in the given conditions. When choosing a method, any 
possible expansion of the system in the future should be taken 
into account. 

For any device that is simply to be triggered into action, or 
switched on for a short period, the single pulse system is the 
obvious choice. A liming circuit within the controlled device 
can be used to give longer ‘on’ periods of fixed duration. If 
the device is to be switched on for longer periods of variable 
length and then switched off again, a two-stage sequential 
system provides the necessary toggle action. 

If control of a few functions is required, and there is no 
objection to switching each on in turn briefly, the next most 
simple system is the multi-stage sequential system. 

For larger numbers of functions, and when stepping 
through them all is not acceptable, the choice lies between a 
multiple pulse system and PPM. PPM has the advantage that 
it provides a range of control features, including analogue 
control by steps. Less effort is required to build the circuits 
as the coder and decoders are self-contained integrated cir- 
cuits, requiring the minimum of external wiring. Even if one 
intends to use only a few of the functions, it may be more 
economical to base a circuit on these i.c.s rather than attempt 
to make up coders and decoders from simplest i.c.s. 
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The error checking features of PPM are important in a 
noisy environment. However, if the range of functions of the 
i.c.s does not meet all your requirements, and the environment 
is not unduly noisy, the 4-digit or 8-digit multiple pulse 
circuits are a better choice. As explained above, they are 
particularly suitable for 8-digit analogue control. 

For an analogue control system, the choice lies between: 

PPM, which is simple to build, has 3 channels, but has only 
32 steps, and may be too slow. 

Multiple-pulse, more complex to build, only | channel, is 
fast, can have up to 256 steps, giving reliable and precise 
control. 

Digital proportional, fairly easy to build, only | channel, 
infinite number of steps, requires visual or other feed-back, 
subject to error in noisy environments. 


Multiple channels 

So far the discussion has assumed that you will have only one 
controlled device within a given area. If you wish to control 
two or more devices independently in the same area, you 
require a multi-channel system. Each device may have its own 
controller or, where two or more identical devices are to be 
controlled, there can be one controller which is made to 
operate each device independently by selecting it with a 
switch. 

There are two ways of making sure that devices are 
independently controlled. One is to ‘tune’ the transmission 
so that only a device tuned to receive it can respond. The 
other is to restrict the decoders so that they are capable of 
decoding only a subset of the complete set of signals, and 
allocate a different subset to each controlled device. 

In a radio control system, the transmitter produces a 
carrier wave that is modulated by the coded signal. The 
carrier is completely. modulated, being turned either fully on 
or fully off (Fig. 4.2). Only a receiver tuned to the same 
frequency detects and responds to the signal. Several trans- 
mitters, each operating on a different frequency can control 
individual devices in the same area. 

The same technique can be applied to other transmission 
links, such as infra-red, visible light, wire linkage. Instead of 


34 


Interval 
between 
Signal pulse pulses 


WA 


Fig. 4.2 A fully modulated radio carrier wave. 





transmitting a series of continuous pulses, the transmitter 
sends out a series of tone-bursts. Their wave-form is shown 
in Figure 4.3. The carrier frequency is much lower than-that 
of a radio signal. The receiving circuits are tuned to respond 
only to tone-bursts of a given frequency. The circuitry for 
producing and detecting tone-bursts are slightly more com- 
plicated than those which produce continuous pulses. 


2 ise) =e 


(a) Simple pulses 


SII 


(b) Tone bursts 


Fig. 4.3 (a) Simple pulses. (b) Tone bursts. 


In theory, it is possible to apply the tone-burst technique 
to ultra-sonic control. One could have transmitting and 
receiving crystals ground to vibrate at various frequencies. In 
practice only crystals vibrating at 40kHz are readily available, 
so this technique can not be realized in ultra-sound. 

The PPM i.c. has its own tuning system. The basic pulse 
length of the transmitting i.c. is set by using capacitors and 
resistors to determine the carrier frequency and modulation 
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rate. Only a decoder tuned to the same frequencies can 
respond. 

From the above it is eviderit that multi-channel tuning is 
feasible with all transmission links except ultra-sound and 
for al] methods of control, including analogue control. 

The division of a set of codes into sub-sets is applicable 
only to multiple-pulse systems and PPM. In the multiple- 
pulse system, the way the sub-sets are determined are under 
the complete control of the designer. Different devices have 
identical decoders, but only a given number of the decoder 
outputs connect to the controlled device. When a signal 
arrives corresponding to these outputs, action occurs. If the 
signal corresponds to one of the unconnected outputs, 
nothing happens. By making the appropriate connections a 
device can be made to respond to any sub-set of the complete 
set of signals. 

In the PPM system, decoder i.c.s are obtainable which 
respond only to one of two sub-sets of the control signals. 
This allows two devices to be controlled independently in the 
same area. However, these decoders have only program 
outputs. They do not have analogue or other special purpose 
outputs. 


System design 
‘The preliminary steps of system design are: 
-. Select the transmission link to be used (Chapter 2). 
2. Select the method of control. 
3. If two or more devices are to operate in the same area, 


- decide whether to use ‘tuning’ or code subsets. 


“Having done this, look through the chapters that follow to 
find the circuits that you need. 
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Chapter $ 
THE INPUT INTERFACE 


This chapter deals with the various ways in which the 
commands of the operator may be communicated to the 
electronic circuits of the remote control system. First it 
considers the use of buttons and keyboards for all digital 
systems, followed by a short section on keyboards for PPM. 
Next, the chapter describes computer interfacing. Finally 
there is a section on analogue interfaces. 


Buttons and keyboards 

The most frequently used input device is the push-button. 
This can either by ‘pressed’ or ‘not pressed’, the correspond- 
ing command being one of a pair, such as on/off, go/stop, 
or fast/slow. Care must be taken when deciding what pair of 
commands are represented by ‘pressed’ and ‘not pressed’. 
For example, when steering a vehicle, ‘pressed’ could 
represent ‘turn left’ and ‘not pressed’ could represent ‘turn 
right’. However, under this system, it would be necessary 
to press and release the button frequently in order to 
attempt a straight path. The effect would be an undignified 
zig-zag course! It is better to have two steering buttons, one 
for left/not-left, one for right/not-right. The not-left and 
not-right commands both set the steering wheels straight 
ahead. What happens if both buttons are pressed simultane- 
ously? The answer to this question may depend on the nature 
of the circuitry in the robot, but see later. 

The most useful type of push-button is the ‘push-to-make’ 
kind. The button is normally open-circuit (contacts separ- 
ated), and closes the circuit (contacts together) when the 
button is pressed. Although we refer to a ‘button’ in the 
descriptions which follow later, any other kind of make-and- 
break switch may be used instead. 

Closely related to the button is the key-switch. This is the 
type of switch used in a regular computer keyboard (not the 
membrane type as used on the Spectrum and many other 
inexpensive micros). Key switches are usually sold without 
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the key cap. A range of key caps are available separately; 
some types are plain, but in various colours, others have a 
detachable transparent cover, so that you may letter or 
name the keys by inserting a piece of paper or card beneath 
the cover. Although the smaller type of button is more suit- 
able for a hand-held control panel, key-switches (which are 
of standard typewriter size) are better for a larger panel. 
Their size and their light spring-action makes them easier to 
operate. 

It is possible to buy complete keyboard units, ready fitted 
with a number of key-switches or buttons. These are often 
expensive but have a neater appearance than many amateurs 
are able to obtain when fitting individual keys to a panel. 

There are other forms of switch that may be applicable to 
certain types of command. These include: 


(a) biassed switch: the switch lever is normally upright; it 
is pressed to one side to close the switch. The level 
returns to its upright position and the switch opens 
immediately pressure is released; 


(b) centre-biassed switch: this is really two switches in one 
unit; the lever is normally upright; it is pressed one way, 
or the other, to close one switch or the other. The two 
switches can not be closed at the same time. When 
pressure is released, the lever returns to its central 
(upright position) and both switches are open. This is 
a useful type for ‘left-right’ and similar controls; 


(c) joystick switch: four switches in one, as described on 
page 8. It is usually centre-biassed; 


(d) binary switch: there are several designs, one of the most 
common having 4 switches in one. These are combined 
as a rotary switch with 16 positions. As the knob is 
rotated, the switches are closed in a binary sequence 
tunning from all open (0000) to all closed (1111). 
The output from the switch is the binary equivalent of 
the decimal values 0 to 15. Other versions may have 
only 10 positions, giving the sequence 0000 to 1001 
(0 to 9). 
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For a single-pulse or sequential pulse system, a single 
button, key-switch or biassed switch is sufficient. For a 
multiple-pulse system or PPM a keyboard made up of a num- 
ber of buttons, key-switches, biassed switches or centre- 
biassed switches (or a combination of these types) is generally 
required. If a binary switch is used with multiple-pulse, it 
enables rapid selection of up to 10 or 16 functions. The 
Joystick switch is particularly suited to steering applications. 
Like the centre-biassed switch it obviates the problem referred 
to above, of what happens if the ‘left’ and ‘right’ buttons are 
pressed at the same time. In addition, pushing a joystick to 
one side or the other, has a much better “feel to it than mere 
pressing one button or the other. 


Circuits for buttons and keyboards 

Figures 5.1 and 5.2 show the basic circuits for use with a 
button. In Figure 5.1 the output terminal is held high by the 
connection through the pull-up resistor RI to the supply rail. 


Vcc (+5¥) 
or Vp (+9V) 








R1 
v 
a = Output 
\ R1= 1KQ (TTL) 
Common or 15K (CMOS) 


(OV) 


Fig. 5.1 Push-button output which is normally high (1); 
press for low (0}. 


Pressing the button (S1) makes a direct connection to the 
common (ground) rail and the output voltage drops to low. 
The value of R1 depends on the type of i.c. into which the 
output is to be fed. The circuit of Figure 5.2 has the opposite 
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Vcc (+5V) 
of Vpp (+9V) 


— 





2} Output 
$l 
R 
RL = 1K (TTL) : 
or 15K92 (CMOS) 
Common 
(OV) 


Fig. 5.2 Push-button output which is normally low (0); 
press for high (1). 


action. R1 is referred to as a pull-down resistor. 

When working with TTL, the connection to Voc through 
Ri may be omitted from the circuit of Figure 5.1. This is 
because an unconnected TTL input behaves as if it is connect- 
ed to a high input. Omitting the link to Voc cuts costs and 
simplifies the wiring, especially on a large keyboard. On the 
other hand, CMOS inputs must never be allowed to ‘float’ 
in this way. 

If a keyboard has several keys, they are each wired up as 
in Figure 5.1 or Figure 5.2, with a separate output terminal 
for each switch. Each output terminal of a binary switch also 
needs to. be treated as a separate switch, with its own pull-up 
or pull-down resistor (Fig. 5.3). Again, the pull-up resistor 
can be omitted if the switch output is being fed to a TTL 
input. ; 

Figure 5.4 shows how to wire up a keyboard to give 16 
different binary outputs, corresponding to 16 different keys. 
This is an alternative to the binary switch in multiple-pulse 
systems. You need wire up only as many keys as you need. 
The outputs are normally all low, but one or more goes high 
when a key is pressed. 

The problem of key-bounce may cause trouble in sequen- 
tial-pulse systems. As the switch closes, contact is made and 
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+5V Least 
significant 
digit 







R1-R4 Most 
all 1K2Q significant 
digit 


Fig. 5.3 Connecting a binary coded switch 
to the coder of Fig. 6.4 


broken several times before it finally settles into a closed state. 
In the sequential system, a single key-press results in a number 
of pulses being generated, stepping the controlled device 
through an unpredictable number of stages. Figure 5.5a shows 
a circuit for de-bouncing a key or button in a TTL system. The 
circuit is based on a Schmitt NAND gate with 4 inputs. 
Normally all inputs are held high, so the output is low. The 
capacitor is charged to the supply voltage. When the key is 
pressed, the capacitor gradually discharges and the input 
voltage to the NAND gate falls to zero. At a certain voltage, 
the lower threshold voltage, and below, the input counts as a 
low input, and the output of the gate changes sharply from 
low to high. If the key contact breaks again, the input voltage 
starts to rise, but the gate will not change state again unless 
the input voltage rises above the upper threshold voltage. 
Short-lived breaks are insufficient to raise the input voltage 
above the upper threshold, so the gate output remains high. 

When the button is released, the input voltage rises, but 
there is no change in the state of the gate until the upper 
threshold is reached. Voltages at this level and above count 
as high inputs, so the output of the gate changes sharply to 
low at this stage. From then on, a momentary making of 
contact is insufficient to make the gate change state’ again, 
since the voltage needs to fall to the lower threshold for this 
to happen. In this way the gate shows a sharp rise or fall of 
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SvyIPYNI 
zea—td 


Vcc (+5V) 





Rl 1 
$1 2 : 
4 ——O Output 
5 
0.22uF x 7413 
Common To Vcc: !C1 pin 14 
(OV) To OV: IC1 pin 7 
(a) 


IC 
Ye x 7413 


0.22uF To Vcc: IC1 pin 14 
To OV: 1C1 pin 7 





Fig. 5.5 Debouncing keys with TTL: 
(a) normally low output; (b) normally high output. 


Output as the button is pressed or released, and contact 
bounce is virtually eliminated. 

Figure 5.5b shows a debounced key with normally high 
output. Figure 5.6 shows the two corresponding circuits using 
CMOS. If there are many keys to be debounced, it is more 
convenient to use a special contact bounce eliminator i.c., 
such as the DM8544. This contains 4 separate debouncers, 
which have the advantage that external resistors and 
capacitors are not required. ; 
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Vpp (+3V to +15V) 





220K2 
l 
L, ia 3 Output 
ICl 

1 

0.047uF ee ee 

To Vpp (+3V to +15V): 
ey) (Cl, pins 14 and any 
SS unused inputs (5, 6, 8, 9, 12, 13) 
To Vg (OV): 
(a) IC1, pin 7. 
Vop 


Output 





Fig. 5.6 Debouncing keys with CMOS: 
fa) normally low output; (b) normally high output. 


Keyboards for PPM 

These operate on a different principle. The coder i.c. has 8 
terminals that are current sources, and 3 that are current 
sinks. The keys are wired so that pressing a key connects 
one of the current sources to one of the current sinks. Depend- 
ing upon which source is connected to which sink, the appro- 
priate command is registered in the ic. The wiring of such a 
keyboard is shown in Figure 6.9. Only 21 of the possible 
32 interconnections are valid inputs. If you do not wish to 
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use all the control functions of the system, the corresponding 
keys are omitted. No debouncing is required. 


Computer interfacing 

Each model of computer has its own particular features, so the 
descriptions here refer to the more popular home computers. 
It is hoped that the explanations given before may also be of 
help to owners of other computers. 


Amstrad CPC 464, 664 and 6128. The simplest method of 
making the Amstrad computers control a transmitter is to use 
the output from the printer port (Fig. 5.7). A single TTL 
NAND i.c. connected to the ground of the computer and data 
output DO is all that is required (Fig. 5.8). A short length of 
double-sided 0.1’ edge-connector is used to make the connec- 
tion. Note that the OV rail of the interface must be connected 
to the ground of the computer. It is convenient to use the pad 
immediately below that of DO. The interface and transmission 
devices must have their own external 5V supply. 


Top Keyway 


Gnd 
Gnd 
BUSY 


Gnd 


Bottom 


Fig. 5.7. The printer port of the Amstrad, 
as seen from the rear of the machine. 


The state of DO is controlled by the following BASIC 
statements: 


10 OUT 61184, 0 — makes DO go low 
10 OUT 61184, 1 — make DO go high 
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To Vcc (5V): 
From DO line esas IC1, pin 14 
of Amstrad . (External supply) 


printer port 
Output 


: 1C1, pin 7 

Ground line 

of Amstrad : 

printer port OV line of 


interface 


Fig. 5.8. interfacing to an Amstrad 464, 664 or 6128 computer. 


The output of the gate is, of course, the inverse of its input. 
The output can be used to drive any of the transmitter devices. 
By suitable programming it is possible to make the computer 
take the place of the 4-digit or 8-digit coders. It is program- 
med to produce a series of pulses beginning with a half-length 
Start pulse, followed by 4 or 8 pulses. A signal produced by 
the computer, transmitted by (say) infra-red, and received by 
one of the decoder circuits can be used for controlling a robot 
or any similar device. Here we have an example of software 
taking the place of hardware. 


BBC Microcomputer. The configuration of the User Port is 
shown in Figure 5.9. This has a SV supply which may be used 
for powering the interface, provided that it requires only a 
few hundred milliamps. For controlling a transmitter we can 
~ use the output from data line 0. The method of connecting a 
TTL NAND gate to the BBC Micro is shown in Figure 5.10. 
When the machine is first switched on, all lines of the User 
Port are inputs. This is to prevent the machine from acci- 
dentally operating any attached devices. Before we can use 
line DO as an output, we have to set the Data, Direction 
Register for Port B (DDRB) accordingly. The following 
program line does this: 
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Top (Keyboard side) 


Notch Power supply 


5 to 19 f sve 


rev HH OmMaOoaag 





AMA weoooagd 


Z (6° Sea 7 oe a2, 1 0 
a 





Port B (8 bits) 
Bottom 


Fig. 5.9 The user port connector of the BBC microcomputer 
(mode! B) as seen from the front, 
when the front edge of the machine is lifted. 


a 


5V --—= --O ; 
{pin 1) +5V line of 
g interface 
2. 1C1, pin 14 (optional) 
= 
2( Do O O Output 
= | (pin 6) Si 
O ICl 
a %x 7400 1Cl,pin7 
OV p 
(pin 5) OV line of 
interface 
(essential) 


Fig. 5.10 Interfacing to the BBC microcomputer. 
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10 A%=8&97:X%=&62:Y%=1:CALL &FFF4 
Next we have to send data to the port: 


20 A%=&97:X%=&60: Y%=0:CALL & FFF4 


— makes DO go low 


20 A%=&97 :X%=&60: Y%=1:CALL & FFF4 
— makes DO go high 


See the remarks about how to use the output of DO, in the 
Amstrad section above. 


Commodore 64. The User Port of the 64 (Fig. 5.11) provides 


8 data lines that can be used as inputs or outputs. To connect 
a logic gate to this we use line DO, and the ground connection 


Top (Keyboard side) 





Port B (8 bits} 


Bottom 
Fig. 5.11 The user port connector of the Commodore 64, 
as seen from the rear of the machine. 
(Fig. 5.12). The interface must have its own 5V supply. 
Before using ‘the data lines we must set the Data Direction 
Register for Port B, so that DO is in an output: 
10 POKE 56579, 1 
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Ici 


% x 7400 
DO & $$$ — Output 
(pin C) 
IC1, pin 7 
0 | 5 OV line of 

on A) interface 

To Vcc (5V): 

ICi, pin 14 


(external supply) 


Fig. 5.12 interfacing to the Commodore 64. 


We can now control the level on DO by using one of the 
following program lines: 


20 POKE 56577,0 — makes DO go low 
20 POKE 56577, — makes DO go high 


See the remarks under the Amstrad heading previously on 
ways to use this output. 


Spectrum 48K, + and 128K. The Spectrum does not have a 
User Port, so interfacing to this computer is slightly more 
complicated. The cassette sockets, EAR and MIC are the 
easiest to use for transmitting and receiving a single pulse or 
series of pulses. For the transmitter we use the EAR socket. 
The signal from this is not a logic signal (a square wave 
ranging between OV and SV) but a rather ‘spikey’ signal 
ranging between —0.8V and +0.8V. The signal is generated 
by using the BEEP statement. To produce a pulse of suitable 
duration and pitch, use a statement such as: 


10 BEEP 1,48. 


Pulse length can be increased or decreased by altering the 
first parameter. The pitch may be changed by altering the 
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‘Ear’ jack-plug 
















Ground R2 +5V 
Signal (External 
D1 1KQ supply) 


1N4148 


Cassette 
‘Ear’ signal 


ZTX300 


To 5V: 
1C2, pin 14 

To OV: 

(C2, pin 7 








IC2 
lex 74LS13 


Spectrum Ground of 
Ground interface 
(OV) 


Fig. 5.13 Interfacing to Spectrum computers. 


second parameter, but a signal of lower frequency may fail to 
trigger the circuit. The circuit (Fig. 5.13) first rectifies the 
signal, by means of D1, so as to produce negative-going pulses 
when the BEEP sounds. A voltage comparator (IC1) detects 
the signal. Its output voltage, which is normally high, falls 
slightly. TRI, previously switched on, is now switched off. 
The input to the NAND Schmitt gate rises and its output goes 
low. Thus the output from the NAND gate is the inverse 
of the signal from the Spectrum. This output can be inverted, 
if required, using the second NAND gate of IC2. 

See the remarks under the Amstrad heading previously on 
“ways to use this output. 


Analogue interfacing 
For speed control, one or more slider resistors or a rotary 
potentiometer may be used. The general principle of opera- 
tion is to supply a standard reference voltage across the 
control resistor, and obtain the output voltage from the wiper 
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Vcc or Vpo 








Ri 


R2 = control resistor 


Vout 


Common 
(OV) 


Fig. 5.14 Obtaining a reference voltage. 


of the resistor. The reference voltage may be obtained by 
using a zener diode, as in Figure 5.14. Choose a diode that 
has a voltage slightly greater than the maximum output 
voltage required. R1 limits the current through the diode to 
a level it is designed to carry. If P is the maximum power 
rating of the diode, and V, is its zener voltage, then 


RI = V,.Vec/P . 


It is advisable to use the resistor of next highest value in 
the standard range. 

The output goes to a A-to-D converter or to a proportional 
pulse generator. In either case the input to these stages must 
have high impedance, so that current drain from the wiper of 
the resistor does not cause significant voltage drop at that 
point. Inputs to converters and pulse generators described in 
this book meet these requirements. 

Low-cost variable resistors use carbon film as the resistive 
material. Such resistors work satisfactorily when new but, 
when the track begins to wear, the resistance changes erra- 
tically as the wiper is moved. It is preferable to use the more 
expensive cermet resistors, which do not suffer from wear. 

A joystick normally has two variable resistors, one for fore- 
and-aft movement, one for left-and-right. It is preferable for 
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Fig. 5.15 (continued) 1C power supplies 


the joystick to be sprung to return to a central position when 
no pressure is applied to the lever. 


Circuits for analogue control 
The first circuit described (Fig. 5.15) is based on the ZN427 
A-to-D i.c. It converts an analogue voltage in the range 0 to 
2.5V to an 8-digit output in the range 00000000 (0 decimal) 
to 11111111 (255 decimal). The principle on which this i.c. 
works is known as successive approximation. Conversion 
begins when a low pulse is sent to the ‘start conversion’, pin 
(SC). All digits are set to low, except the most significant 
(H), which is set to high. The i.c. contains its own D-to-A 
converter which, since the digits are now reading 10000000 
(128 decimal), produces an output of just over half the 
reference voltage. This is compared with the analogue input 
voltage. If the average input is greater than the output from 
the D-to-A converter, digit H is left as 1, otherwise it is reset 
to 0. The same procedure is then applied to the next most 
significant digit (G), and so on until all digits have been either 
set or reset. The ‘end of conversion’ (EOC) output then goes 
high. While conversion is occurring, outputs from the i.c. are 
held low. in our circuit, the EOC pin is connected to the 
output enable pin (OE). The high input to this pin causes 
outputs to be enabled and the result of conversion appears at 
the outputs A to H immediately conversion is completed. 
Conversion takes 8 clock periods, with a further period for 
enabling the outputs. With a clock running at 1Hz, as in 
Figure 5.15 (IC1), conversion takes 9 seconds. The rate can 
be increased by reducing the value of Cl. The clock is used 
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to drive the converter directly and also to drive IC3 and IC4 
which generate a ‘start conversion’ pulse every 16 clock 
periods. Data is present at the output pins for 7 clock periods 
before the next conversion begins and the outputs are cleared. 

The converter needs a —SV line in addition to the usual 
+5V and ground lines. Since the amount of current required 
at —5V is small, the supply is provided by a voltage converter 
i.c. (IC2). With the converter connected as in Figure 5.15, use 
is made of its interval voltage reference, which is set to 2.5V. 
The analogue input voltage must not exceed 2.5V. However, 
an external reference voltage can be used if preferred; for 
instructions how to do this, consult the manufacturer’s data 
sheets. 

The outputs from ICS are ready for transmission, provided 
that transmission occurs only when the outputs are enabled. 
The EOC output can be used to trigger the 8-digit coder 
described in Chapter 6. In this case [C6 is not required. In 
other applications it may be preferable for the data to be held 
on latches until the next conversion has occurred. This means 
that data is continually present, instead of being cleared while 
conversion occurs. The figure shows how to use a 74LS373 
8-digit latch to hold the data during conversion. At the end 
of conversion the enable input is made high, and the latest 
data appears at the outputs of the latches. When EOC goes 
low at the start of another conversion, the outputs of the 
latches remain unaffected. They hold the data until the new 
data appears at the end of the next conversion. Pin 1 of IC6 
is the output control pin. This i.c. has 3-state outputs, making 
it suitable for connecting to a data bus. When OC is made 
high, the outputs enter a high-impedance state and are effec- 
tively disconnected from the bus. 

When building the converter, note the polarity of C4; its 
‘+’ terminal is connected to the ground rail. If you are 
including IC6, it is advisable to decouple the positive supply 
by connecting 0.luF capacitors between the +5V rail and 
the ground rail at severa} points on the circuit board, close to 
the points at which the ICs draw their supply. Otherwise 
stray pulses on the supply line can cause the latches to change 
state unpredictably. 

A different and simpler approach to transmitting analogue 
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Fig. 5.16 Voltage-to~frequency converter. 


data is illustrated by the circuit of Figure 5.16. This is based 
upon a voltage-to-frequency converter. The circuit accepts an 
analogue input in the range OV to Voc: Its output consists of 
a square wave, the frequency of which is directly proportional 
to the input voltage. With the values shown in Figure 5.16 the 
frequency is approximately Vpy x 100Hz. The frequency 
can be increased by increasing the value of R3. The. circuit 
may be operated on any supply voltage in the range 8V to 
22V. With 9V supply the current required to drive the circuit 
is only 5mA, making it suitable for a battery-powered hand- 
held controller. A circuit of this type has the obvious advan- 
tage of simplicity, cheapness, and low power consumption. It 
is perfectly satisfactory for many purposes. However it has 
the disadvantage that its accuracy depends upon the relative 
rates of the clocks in this circuit and the receiving circuit 
(Fig. 9.6). 

If you are intending to use radio as the transmission link, 
note that the transmitter described on page 97 incorporates 
two analogue-to-digital converters, making a separate con- 
verter unnecessary. 


Te te oe cme ere ee = - 


* 








Chapter 6 
CODERS 


This chapter describes how to build multiple-pulse and PPM 
coders. These can be used in both digital and analogue 
systems. If you are designing a single-pulse or sequential 
pulse system, you will not need to refer to this chapter. 


4-digit multiple-pulse coder 

Consider a code made up of a train of 4 pulses, of equal 
length, each of which can be either high (=1) or low (=0). 
We can make up 16 such trains, arranging the pulses in all 
possible ways, corresponding to the binary numbers from 
zero (0000) to 15 (1111). This means that we can transmit 
up to 16 different instructions by means of this code. For 
example, we could make up a code for controlling a model 
aeroplane, and this might have the following form: 


Decimal Binary number Corresponding command 
number DCBA 
0 0000 No change 
1 0001 Centralise control surfaces 
2 0010 Move rudder left 
3 0011 Move rudder right 
4 0100 Move elevators up 
5 0101 Move elevators down 
6 0110 Move ailerons to roll left 
i 0111 Move ailerons to rol! right 
8 1000 Engine speed 1 (slowest) 
9 1001 Engine speed 2 
10 ; 1010 Engine speed 3 
11 1011 Engine speed 4 
12 1100 Engine speed 5 
13 1101 Cut engine 
14 1110 Landing lights on 
15 1111 Landing lights off 


If we wish the elevators to move down we transmit the 
code 0101. Figure 6.1a shows the transmitter output, assuming 


57 





the digits of the code are transmitted in order D,C, B, A. At 
the receiver this code is indistinguishable from 1010 (Fig. 
6.1b) engine speed 3, so some means of indicating the start 
of the command message is needed. One way of doing this is 
to begin every command with a high pulse, followed by the 
four code pulses. Then we have the messages shown in 
Figures 6.1c and 6.id; the first or start pulse (S) is half the 
length of the other pulses because this allows the circuit to be 
simpler without loss of effectiveness. To follow the operation 
of the circuit in more detail look at the block diagram (Fig. 
6.2). 


End of Start of 
message message 


' 
f [evar] set ‘Elevators 
(a) 1 8020. S00! 5 down’ 
AB C D} Nldentical 
' 


gee ee 


b) ee aa ‘Engine 3° 
. Oc ty Oe elo 7 q 
/ I 
(c) ‘Elevators — 
re A 30 Stk down’ 
i | * Distinct 
I i gene ms 
ee ee ‘Engine 3’ 


mor ot © a Si 
— Time 


Fig. 6.1 Coded commands. 


Pulse length is determined by the clock which produces a 
continuous series of pulses at approximately 1.5Hz. The 
system could work just as well with a much higher clock 
frequency, but the slow clock rate makes it much easier to 
test the working of the circuit. The clock pulses control the 
Operation of a shift register. This contains a chain of 5 regi- 
sters, each of which holds data. A ‘set’ register holds data 
‘LT’ (output high); a ‘reset’ register holds data ‘0’ (output low). 
As the clock output goes from low to high, data is shifted 
from each register to the next register along the chain. In 
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Fig. 6.2 Block diagram of the coder circuit. 
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Fig. 6.3 Shifting sequence in the coder. 
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Figure 6.3 we see what happens. To begin with all registers 
are ‘reset’, with low outputs. When the operator presses a 
command key the coded command data appear on the lines 
A, B, C and D from the input interface. These can be highs 
or lows in any combination, depending on the code selected, 
and we represent these by a,b,c, d. These data do not affect 
the registers yet. Next the operator presses the ‘Transmit’ 
button and at the next low-going clock pulse the data are 
loaded directly into the registers (parallel loading). They 
remain there until the next high-going clock pulse, when they 
are shifted one step along the chain. At each succeeding 
high-going pulse they are shifted along until, after 5 shifts, the 
data has gone and is replaced by all lows. Note that at the first 
shift register E was ‘set’ high, because its input is permanently 
wired to a ‘high’ voltage. The output of the transmitter is 
taken from register E. If you read along the bottom line of 
Figure 6.3 you will find the intended code message: ‘start- 
d-c-b-a’, preceded and followed by a continuous ‘low’ state. 

Figure 6.4 shows the circuit details. It operates from a 
stabilised SV supply because this is the ideal for the TTL 7400 
series i.c.s used. For a portable transmitter you can use a 
6V supply (four 1.5V cells) but higher voltages must not be 
used. 3 a 


Clock 

The 555 timer ic. is wired as an astable multivibrator. Its 
output (pin 3) rises and falls as a square-wave output at a rate 
dependent upon the values of R1, R2, Cl and the setting of 
VR1. The values give roughly equal mark-space ratio. 


Input interface 

The exact construction of this depends upon the type of 
control panel preferred. It is simplest to use a switch that 
gives binary output. These are available as slide switches or 
thumbwheel rotary switches that can be set to any one of 10 
positions. if wired as in Figure 5.3, the voltage on each line 
is held low by the pull-down resistor, except when connec- 
ted through the switch to the positive supply. As the switch 
is rotated or slid from position 0 to position 9, the lines 
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carry voltages equivalent to binary numbers from 0000 to 
1001. This allows you to work with up to 10 different com- 
mands. If you need more, or if you prefer to use press- 
buttons, toggle-switches or keys, construct a diode matrix as 
in Figure 5.4 to produce the outputs you require. You may 
need all 16 but, if you do not, you may find that it simplifies 
decoding problems later if you choose carefully which codes 
are to correspond with a given set of commands. For example, 
if all engine-speed codes have digit D high, this makes it easier 
at a later stage to pick out engine-speed commands from 
commands of other types. 

If you use a binary coded switch, this retains its output 
until you change the setting of the switch at the next com- 
mand. If you are using press-buttons or keys, these must be 
held depressed for long enough after the ‘Transmit’ button has 
been pressed to allow time for the command to be registered. 
With the given clock speed, this period is a minimum of about 
0.6 second. 


Shift register 

For this we use a 74LS96 i.c. The low power Schottky TTL 
is preferred because its low power requirements make it more 
suitable for battery operation. [f you are planning to power 
your equipment from a mains power-pack, there is no reason 
why the slightly cheaper standard TTL i.c., the 7496, should 
not be used. The same applies to the other TTL i.c.s. of this 
circuit. The serial input is wired to common permanently, to 
reset register A at each shift. The input of register E is wired 
to Voc (SV or 6V) so that this is set every time the preset 
enable is pulsed, that is, when a train of pulses is about to be 
transmitted. The outputs from registers A to D are not used. 
The clear input (pin 16) is not used, but must be connected 
to V., through a 1kQ resistor, which it can share with unused 
inputs of other i.c.s that must similarly be held high. 


Preset control 

The purpose of this is to generate a brief high pulse on the first 
low-going clock pulse following the pressing of ‘Transmit’ 
button, $1. This must happen once and once only, and no 
further pulse is allowable during the process of shifting the 
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Fig. 6.5 Voltage levels in the coder circuit. 


data out of the register. Figure 6.5 explains the working of 
this part of the circuit. When S1 is pressed, the K input to 
the flip-flop (half of IC2) goes low and the input to J (via 
inverting gate G1) goes high. With the inputs to the flip-flop 
in this condition the output of the flip-flop (Q) goes high at 
the next /ow-going clock pulse. It will remain high until the 
next low-going clock pulse after the button is released. AsQ 
goes high, so does one input to G3. The input to G2 goes high 
and its output falls but, because of R3 and C2, the other 
input to G3 does not fall quite as quickly. For a brief period 
both inputs to G3 are effectively high, and its output goes low. 

The effect is quickly over and, as the delayed fall to low 
input takes effect, G3 has one input high and the other low, so 
its output becomes high again. Thus a brief low pulse is ob- 
tained from G3; this is inverted by G4, giving a brief high pulse 
that enables the transfer of data from the input interface to 
the registers. After this stage, S1 may be released; Q goes low 
and, though the output from G2 to G3 rises slowly, the fact 
that the other input to the gate (fed by Q) is already low 
means that no low output is obtained from G3. Once the 
preset enable pulse has been produced, the data is shifted to 
the transmitter under the control of clock, and it makes no 
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difference if the ‘Transmit’ button is released. The preset 
control circuit requires 4 NAND gates, provided by a single 
74LS00 (or 7400) ic. 


Transmitter 

The output from the coder must next be converted into a 
form suitable for transmission. Methods of doing this for 
infra-red radiation, visible light and radio are given in Chapter 
7. The ultra-sonic transmitter can be connected directly to 
this coder. Simply join the coder output to pin 1 of the i.c. 
There is no need to remove R1 of the transmitter circuit. 
Both transmitter and coder should be powered from the 
same source — a 5-volt regulated mains supply, or (preferred 
for portability) a 6V battery. There will be a slight reduction 
in range when the transmitter is powered by 6V instead of 9V, 
but this has been found to be negligible. On no account must 
the coder be operated from the 9V supply as this will over-run 
the TTL i.c.s. With the coder so connected ultra-sound is 
produced continuously and goes off when a high pulse is 
generated from the coder. In other words, the signal trans- 
mitted is the inverse of the signal produced by the coder. This 
is of no consequence, provided it is remembered and the 
decoding circuit in the receiver designed accordingly. 

If it is essential for the transmitter to produce the code 
exactly as it comes from the coder, the coder output must 
be inverted before it is fed to the transmitter. This is simply 
done by using a transistor, connected as in Figure 6.6. Here 
the 15kQ resistor is an essential part and must not be removed 
from the circuit. Sl of the transmitter can be retained to 
allow pulses to be sent manually for other applications. 


Analogue control 

This coder can also be used for low-resolution analogue cod- 
ing. Four outputs are taken from the A-to-D converter. 
These can be the least significant four, the most significant 
four, or pethaps four alternate outputs. This gives only 16 
steps on the analogue scale. If higher resolution is required, 
use the 8-digit coder described in the next section. 
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Fig. 6.6 Inverting the output of the coder. 


8-digit multiple pulse coder 

The block diagram of the 8-digit coder is shown in Figure 6.7. 
This produces 256 different codes, which is considerably more 
than the reader is likely to need for digital control purposes. 
Its main purpose is for analogue control, since it can code all 
8 digits from an A-to-D converter. Another difference 
between this coder and the 4-digit coder is that this one 
operates continuously, coding the latest value of the digital 
input and transmitting it automatically. This is done so that 
the controlled device obeys the changes in joystick (or slider 
resistor) position as they occur. Continuous coding is not 
appropriate to input from a binary switch, because it runs 
through all intermediate values while being switched from one 
value to another. This is why the 4-digit coder has a ‘transmit’ 
key. 

The circuit (Fig. 6.8) has many features in common with 
that of the 4-digit coder (Fig. 6.4). There is an additional shift 
register to accommodate the extra 4 digits. Instead of the 
‘transmit’ button, there is a divide-by-32 counter. This pro- 
duces a ‘preset’ pulse every 32 pulses. This is the equivalent 
to the operator pressing the ‘transmit’ button regularly every 
21 seconds. 
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Fig. 6.7 Block diagram of the 8-digit coder circuit. 


If you have already built the 4-digit version it is easy to 
convert it to the 8-digit version. There is a second 5-digit shift 
register, IC5, connected in series with the first shift register. 
The data from the fourth latch (D) of the first register is fed 
to the serial input of the second register. Thus the data is 
shifted along a chain of 9 latches, A to I, with I providing the 
half-length ‘start’ pulse. Note that the fifth register of IC4 
is unused. The 8-bit coder can be used with a keyboard such 
as that of Figure 5.4, using inputs A to D. The inputs corres- 
ponding to digits E to H are wired to OV. Commands are 
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transmitted within 21 seconds of their being entered, without 
the need for a ‘transmit’ key. 

As in the 4-digit circuit, data is loaded into the latches 
when a short high pulse is applied to the preset inputs of the 
i.c.s (see Fig. 6.3). In the 8-digit circuit this pulse is generated 
automatically. Pulses from the clock are counted by [C2 and 
1C6. These are connected as a 32-step counter, the output of 
which changes state every time the clock goes low. The five 
outputs run through the binary sequence 0 (00000) to 31 
(11111) repeatedly. Every time all five outputs are high, the 
output of the NAND gate (IC7) goes low. Thus the output at 
the first NAND gate of IC3 which is connected as a simple 
INVERT gate, is normally low, but goes high on the count of 
31. This triggers the pulse generator made up by the other 
3 gates of IC3 (as Fig. 6.4) to produce the preset pulse. In this 
way, the data being input to the coder is transferred to the 
latches every 3lst count, and the high ‘start’ pulse appears at 
the output of latch I. For the next 8 counts, the data is 
shifted along the registers and appears at the output of latch 
I. When this has finished, all latches will have been set to low, 
owing to the low input being continually present at the serial 
input of IC4. The output from the circuit will therefore 
remain low for the next 22 counts. On the 21st count, data 
is again transferred to the latches and another train of pulses is 
generated. 

For certain applications, especially the coding of analogue 
data such as joystick positions, the rate of production of pulse 
trains is too slow. After constructing the circuit and testing 
it, substitute a 4.74F capacitor for Cl. This will speed up the 
operation of the circuit tenfold, transmitting fresh data 
every 2 seconds. For faster transmission, use a capacitor of 
even lower value for C1. 

A simplification of the circuit is possible if it is used in 
conjunction with the A-to-D converter of Figure 5.15. The 
EOC (end of conversion) output is connected to the preset 
inputs of the coder circuit of Figure 6.8. As soon as a conver- 
sion is complete, the shift registers are loaded with the latest 
data and the pulse train is generated. The EOC pulse takes the 
place of the ‘preset’ pulse from IC3 of Figure 6.8. ICs 2,3, 6 
and 7 of Figure 6.8 are not then required. The rate of 
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Fig. 6.9 Basic circuit for the PPM coder IC. 


conversion must be adjusted so that it takes at least twice the 
time taken to transmit the pulse train. This is to prevent the 
decoder picking up successive trains half-way through and 
misinterpreting them. If the clock of the coder runs at 1.5Hz, 
it takes 8 periods to shift the train and requires at least a 
further 8 periods between trains. For safety, conversion 
should occur every 20 periods, every 13 seconds. This 
represents 9 clock periods of the converter clock (Fig. 5.15). 
The clock of the converter should therefore run at 0.7Hz or 
less. This rate could be obtained by increasing R1 and R2 to 
15k. 
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PPM coder 

The 490 coder i.c. can accept up to 21 different commands. 
A command is given by connecting one of eight current 
source pins to one of four current sink pins. The latter 
include pin 1 which is grounded. Only the connections 
indicated by circles in Figure 6.9 give meaningful commands. 
The commands may be thought of as S-digit binary code 
groups, having the format EDCBA. Figure 6.9 is marked to 
show how each group may be coded by striking the appro- 
priate key. There is no need to fit more keys than are actually 
required to give the commands you need. The commands are 
as follows: 


(1) Program codes (0000X to 1001X): In these 10 codes, 
digit A is ignored by the coder. The four digits E to B 
can thus be thought of as a 4-digit binary number, 
coding programs 0 to 9. 

(2) Program step (10101, 11101): These cause the program 
outputs of the decoder i.c. to step through their sequ- 
ence 0 to 9 forward or backward, respectively. The 
rate of stepping is controlled by a timing circuit at the 
decoder. 

(3) Analogue increase (10100, 10110, 10111): The decoder 
ic. has 3 outputs, ‘Analogue 1’, ‘Analogue 2’, and 
‘Analogue 3’. These are useful for the control of motor 
speeds and other analogue functions. These are not true 
analogue outputs, for they increase by steps, but since 
there are 32 steps in the range of each output the degree 
of control is sufficiently fine for most purposes. Press- 
ing and holding an analogue increase key causes the 
analogue output to be stepped up at a predetermined 
rate until it reaches its maximum value, after which 
there is no further increase. The outputs come from 
current regulators; a reference current can be set at the 
decoder i.c. and this determines the level of currents 
supplied from the analogue outputs. 

(4) Analogue decrease (11100, 11110, 11111): These com- 
mands make the analogue outputs step down, continuing 
until zero current output is reached. 

(5) Standby (11000): This controls the ‘On/Standby’ 
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output of the decoder i.c. When the i.c. is first switched 
on, this output is high. When a program code or pro- 
gram step command is received, it goes low. It goes high 
again when a standby command is received. 

(6) Toggle output (11001): Controls the ‘toggle’ output on 
the decoder i.c. This is initially low, but changes to high 
when Analogue 2 output is brought to zero level. 

(7) Normalise (11011): At this command, all analogue 
outputs are taken to 12/8 of reference current, and the 
‘toggle’ output is taken to low. 


From the description above it is clear that the range of control 
functions that may be achieved by this pair of i.c.s is 
enormous and limited principally by the imagination and 
ingenuity of the user. In planning a particular project, it 
becomes a fascinating exercise to make the very best of the 
facilities offered. 


Frequency setting 

{f transmission is to be by ultra-sound, or by tone bursts of 
visible light or infra-red, or if a modulated signal is to be sent 
by cable, a carrier frequency must be generated. The circuits 
for doing this are contained within the coder i.c. and require 
only a timing capacitor C] and resistor Rl. Figure 6.9 shows 
that RJ should consist of a fixed resistor plus a variable preset 
resistor so that the frequency may be set to the desired value. 
The equation for calculating frequency is: 


fx —— 


] 
CR, 
where f is in hertz, C, in farads and R, in ohms. The resistor 
should have a value between 20kQ and 80kQ, and f may take 
any value up to and including 200kHz. If no carrier frequency 
is required, as in unmodulated infra-red transmission, omit Cl 
and wire a fixed resistor, value 2.2kQ for R1. 

The other frequency that must be set is the modulation rate. 
This determines ty, the time for a ‘0’ interval. The ‘J’ interval 
then has 2/3 of this value, and the ‘S’ interval is twice the ‘0” 
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interval. The equation for calculating modulation rate is: 


where tg is in seconds, C, is in farads, and R2 isinohms. The 
resistor should have a value between 15kQ2 and 100k, and 
to can lie between Is and O.1ms. 

Choice of carrier frequency depends upon the mode of 
transmission. For most ultra-sonic crystals, the resonant 
frequency is approximately 40kHz and the values of Cl] and 
Ri must be chosen so as to obtain this. Choice of modulation 
rate is affected mainly by the length of time required for the 
stepping of the analogue outputs through their full range. 
Although the time required to transmit and receive a com- 
mand may be a matter of only a few hundred millisecond, the 
analogue outputs have 32 steps and the stepping command 
must be transmitted and received for each of these steps. In 
practice each command must be transmitted and received 
twice before it is effected, since the decoder has an error- 
checking feature that requires it to receive the same code twice 
in succession before it responds. This means that the time 
taken to step from one end of the scale to the other may 
exceed 10s even when to is only 27ms, a bit rate of 37/s. If 
an ultra-sonic transmitter is being used it is not possible to 
decrease tg to less than 13ms without some loss of range, for 
the transducer rise-time is of the order of 2ms. Using infra- 
red and radio, tg may be as little as the minimum, 0.1s. 


Outputs 
When a key is pressed the corresponding 5-bit code is trans- 
mitted, followed by the synchronising ‘S’ bit, and_ this 
sequence is repeated for as long as the key is held down. 
When the key is released the coder continues to the end of 
a code group and then stops. There are two output pins, 
each producing pulses in antiphase (Fig. 6.10), modulated or 
not, depending on whether C! is included in the circuit. 
A further output is available from pin 17. ‘This is normally 
Jow, but goes high whenever a key is pressed. This output is 
useful, for it can operate an LED to give indication that a 
signal is being transmitted. Excessive current drain must be 
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Fig. 6.10 Output waveforms. 
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Fig. 6.11 Providing visual indication of transmission. 


avoided, so this indicator must be driven by a transistor, as 
shown in Figure 6.1la. A simpler method of indicating trans- 
mitting action may be employed if output 2 is not required 
for activating the transducer. As Figure 6.10 shows, the out- 
put of pin 2 is high when pulses are nor being transmitted. An 
LED wired as in Figure 6.11b is dark between pulses but 
flashes when a code group is being transmitted. 

The way the outputs are used for transmission depends on 
the kind of transducer involved. For ultra-sonic control the 
transducer may be connected directly to pins 2 and 3. These 
provide a current up to 5mA which is sufficient to give the 
transmitter a range of up to 8m. For greater range, up to 10m, 
extra power may be gained by using outputs 2 and 3 to drive 
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Fig. 6.13 Driving infra-red LEDs. 


transistors, as in Figure 6.12 so as to pull the voltage on one 
line almost to +9V when the voltage on the other line is zero. 

The current available from pins 2 and 3 is insufficient to 
drive a high-power infra-red LED, so this (or these if greater 
range is required) must be driven by transistors. A circuit is 
given in Figure 6.13 for high power LED transmission. This 
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uses pin 3, which has low output between pulses, leaving pin 2 
free to power a visible light LED as indicator (Fig. 6.1 1b). 
This circuit can be used either with modulated transmission or 
unmodulated transmission. 


Power supply 

Whereas many other systems of transmission require several] 
i.c.s, resulting in heavy current drain, the 490 requires only 
6uA while on standby. While transmitting, the power require- 
ment depends on the mode of transmission employed and 
whether or not an indicator LED is included in the circuit. 
For ultra-sonic transmission or when using a single infra-red 
LED, sufficient power can be supplied by a PP3 battery. 
This is very convenient if a small hand-held transmitting unit 
is to be built. 


Control panel 

In the PPM system all commands are made by pressing keys or 
operating switches. There is no convenient way in which the 
joystick control lever of the digital proportional system with 
its two potentiometers can be coupled to the system. The 
function of the joystick or steering-wheel control is taken over 
by pairs of keys. One advantage is the reduction in cost; 
another is the long-lasting nature of key contacts compared 
with the tendency to wear shown by potentiometer tracks. 
Users of joysticks may at first find the unfamiliarity of key- 
control a drawback, but one soon becomes accustomed to the 
new method. As an alternative to a pair of keys for opera- 
tions such as ‘left-right’, ‘forward—backward’ or ‘climb— 
dive’, a single-pole changeover toggle switch, with a central 
‘off’ position may be used. These switches can be mounted 
on the control panel, orientated so that the direction of 
movement of the switch lever corresponds with directional 
commands. If desired, a piece of plastic or metal tubing can 
be attached to the lever to lengthen it, so that it almost 
resembles a joystick in action and appearance. Again there 
is a considerable saving in cost. 

For digital functions,such as Program Control, Program 
Step, Nommalise etc., simple keyboard switches can be used. 
Before laying out the keyboard give thought to the frequency 
with which certain keys will need to be operated, and their 
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sequence of operation, so that the keyboard will be conveni- 
ent to handle. Apart from the keys, the only other item on 
the control panel is the indicator LED and, possibly another 
LED connected so as to indicate that power is switched on. 


Dual control 

The coder operates at a preset modulation rate and, as will be 
described later, the decoder i.c. responds only to signals that 
have the correct modulation rate. It is therefore a simple 
inatter to operate two or more pairs of transmitters and 
receivers in the same area without any danger of interference. 
The only concern is to set the modulation rates so that they 
are different by a sufficient factor. Similarly, a single coder 
i.c. can be wired as in Figure 6.14 so that its modulation rate 
can be switched to one of two (or more) values. Two (or 
more) decoders can then be tuned each to respond to a differ- 
ent frequency, giving independent control of two devices 
from a single transmitter. 





Fig. 6.14 Switching resistor chains in parallel 
to give two different modulation rates. 


Tuning the coder and decoder 

Ideally this should be done with the help of an oscilloscope. 
The output from the coder i.c. is monitored so that the length 
of to can be adjusted to the required value. If the transmitter 
is to be used. with an ultra-sonic crystal transducer, the carrier 
frequency is also monitored and adjusted to 40kHz, or what- 
ever the resonant frequency of the crystal may be. The 
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transmitter and receiver are then placed a few metres apart 
and a transmitter key held down, so as to transmit any one of 
the program signals 1—9 continuously. The receiver circuit 
may then be adjusted for maximum response. It may also be 
necessary to readjust carrier frequency in the transmitter to 
obtain maximum response in the receiver. The oscillator 
frequency (pin 6) Figure 9.4 should also be monitored and 
adjusted until its period is 1/40th of that of to. 

Those without an oscilloscope may find that it takes a little 
more time and trouble to obtain good transmission and 
reception but the task is not too difficult. One has to rely on 
the component values at the transmitter being within a small 
tolerance range, otherwise it may not be possible to adjust 
oscillator frequency to 1/40th of tg. The use of close- 
tolerance components for R2 and C2 in the transmitter and 
for CI and R2 in the recéiver will help reduce the element of 
uncertainty. With the transmitter in continuous operation 
slowly adjust VR1 (Fig. 9.4) until a response is obtained at the 
receiver. Remember that a response may take a second or two 
to appear if reception is bad. 


78 


Chapter 7 
TRANSMISSION 


Advice on choosing which type of transmission link to use is 
given in Chapter 2. This chapter describes practical ways of 
putting your choice into effect. The final section in this 
chapter explains how to implement multi-channel systems by 
using the tone-burst technique (see also the last section of 
Chapter 4). 


Ultra-sound 

The circuit in Figure 7.1 is a complete ultra-sonic transmitter 
for single-pulse control. It is an easy project for the beginner. 
The corresponding receiver is described in Chapter 8. 


Vop = pin 14 
Vv =pin7 
Vpp (+9V) $5 *? 
ICl 4011 
‘Transmit’ Gl G3 


Output 





Fig. 7.1 Simple ultra-sonic transmitter oscillator. 


The transducer (or transmitter, as it is sometimes called) 
consists of a crystal specially ground so as to resonate vigor- 
ously when a 40kHz signal is applied across its terminals. 

The oscillator circuit is built from four NAND logic gates 
and, since the CMOS 4011 i.c. contains four such gates, we 
need only one i.c. and a few external components. These can 
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all be accommodated on a very small piece of 0.1 inch matrix 
stripboard. Only a small battery is needed (a PP3), so the 
whole transmitter can be contained in a small case, making it 
ideal for a hand-held control. 

The heart of the circuit is the astable multivibrator, con- 
sisting of two gates (G1, G2) and their associated compon- 
ents. The multivibrator alternates between two states. In one 
state the output of G1 is high (+9V) and that of G2 is low 
(OV). In the other state the output of G1 is low and that of 
G2 is high. The multivibrator changes state at a rate depend- 
ent upon the values of R3, VR1 and Cl. With the values given 
in Figure 7.1 change of state occurs 40,000 times a second, 
giving the 40kHz output required for making the transducer 
crystal resonate. 

The outputs from the multivibrator are not perfectly square 
waves, so they are fed to a second pair of gates (G3, G4) to 
square them off. These gates invert them too, though this is 
of no consequence in this circuit. The square outputs are 
then fed to the transducer, which is connected directly across 
the outputs of G3 and G4. 


Testing the circuit 

Before the transducer is connected the oscillator circuit can be 
tested by using an oscilloscope, if available. Alternatively the 
action of the circuit can be slowed down by connecting a 
high-value capacitor in parallel with Cl. A capacitor of, say, 
100pF, gives a frequency of about 0.1Hz (one oscillation in 
10 seconds) giving you plenty of time to check the outputs 
of the gates with an ordinary voltmeter. The frequency of 
oscillation is finally set to 40kHz by adjusting VR1, but this 
is. best done when the receiver has been constructed. The 
transmitter and receiver may then be adjusted to obtain 
maximum operating range. 


Using the transmitter 

This circuit has no coder so only on—off or stop—go com- 
mands may be transmitted. This is sufficient for many. 
applications, such as stopping or starting an electric train, or 
switching a radio set on and off. In Chapter 10 there are 
circuits that improve upon this by allowing the controlled 
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device to step through a sequence of different operations each 
time a pulse is received. In other applications a coded set of 
pulses may be required and for this purpose a coder may be 
connected to this transmitter circuit (Chapter 6). 


Infra-red 
A very simple transmitter for single-pulse operation is shown 
in Figure 7.2. The TIL38 LED isa large and powerful emitter 


‘Transmit’ ‘Transmit’ 
+o—-o +Oo—O0 0 
an a 
TIL38 4x TIL38 
R1 Rl 
OV Oo 


(a) (b) 


Fig. 7.2 Infra-red transmitters. 


of infra-red radiation. Its maximum current consumption is 
150mA, so the resistor must be chosen to give a current close 
to that value if maximum range is to be attained. For SV 
operation the resistor should be 22Q, and for [OV operation 
it should be 56Q. A single LED without any form of reflector 
or lens to focus a beam has a range of up to 1 metre. To 
increase the range one simply adds more LEDs in parallel, as 
in Figure 7.2b. For 5V operation, the resistor should have 
the value 5.62, for 10V it should be 159. Three or four such 
LEDs should be sufficient for control purposes when used in 
an ordinary living-room or office. 

A transmitter of the kind described above can also be 
driven by a multi-pulse coder and from a PPM coder as des- 
cribed in Chapter 6. 
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Although the maximum continuous current for the TIL38 
is large compared with that of many other types of LED, it 
can be increased even further provided that this is done for 
very short periods. If pulses are limited in length to 10ys, 
and transmitted no more often than once per millisecond, the 
current through the LED may be as much as 2A, giving a very 
intense flash of radiation. This is another way of increasing 
range, though the circuit required is inore complex and the 
use of several LEDs in parallel as in Figure 7.2b is generally to 
be preferred. A circuit for flashing the LED is shown in 
Figure 7.3. This uses two CMOS monostable multivibrators, 
contained in a single ic. One multivibrator is set to give a 
‘long flash’ (abuut half a second) on a visible light LED, as 
an indication that the short flash (1Ous) has been transmitted 
by the infra-red LED. Transmission takes place as the button 
is first pressed. Though the use of a simple button is adequate 
for setting-up and testing the circuit, trouble may arise in use 
owing to contact-bounce, causing several pulses to be trans- 
mitted. This may cause little trouble but, if it does, the 


+5V O 





‘Transmit’ >| 


7D 
~ TIL209 


Fig. 7.3 An infra-red pulse transmitter 
for short high-intensity pulses. 


82 


triggering of the monostables should be done by a logic input, 
such as obtainable from a Schmitt trigger gate (page 43), or 
from the output of one of the coding circuits described else- 
where in this book. < *, 
One final point concerning transmitters is that the miniature 
infra-red LEDs (e.g. TIL32) are unsuitable for this application 
because of their low emission. They are intended only for 
close-range detection, such as in punched-tape reading. 


Visible light 

Figure 7.4 shows the main features of a visible light transmis- 
sion link. A link can also be made by using optical fibre (see 
later). For single-pulse and sequential pulse system, the 
minimum requirement is a switch or button to turn the lamp 
on and off. However, as mentioned in Chapter 2, a visible 
light link is particularly subject to interference from other 
sources of illumination, including daylight. This interference 
can be minimised by using tone-burst transmission or an 
optical fibre link, as explained later in this chapter. 





Phototransistor Filament mie 


Fig. 7.4 Transmission by focussed visible light beam. 


The multiple-pulse coder (Chapter 6) can be readily adap- 
ted to operate a small filament lamp. The output from the 
circuit of Figure 6.4 is taken directly to the transmitter 
circuit of Figure 7.5. The pair of transistors provides gain 
sufficient to power the lamp which, being slightly over-run, 
gives a strong signal that will carry for a considerable 
distance, even without excessively careful alignment of the 
beam. 


83 


—_—= ” 


a 
Trl 
tnput : 
2 oT - K ser eoa 
1KQ 


(y- Tr2 


ZT X300 


LPL 
2.5V 


0.3A 
OV 


Fig. 7.5 Visible light transmitter interface. 





Wired link 

Perhaps an electric door-bell is the most common and elemen- 
tary form of remote control possible. The input interface is 
linked directly to the controlled device by a pair of wires. It 
might be considered that such a circuit hardly ranks as remote 
control! But a slight variation on this, in which a push-button 
remotely activates a relay, which in turn switches on a mains- 
powered electric motor has several features of a fully-fledged 
remote control system. The signal is sent at low voltage, yet 
the motor operates at high voltage. This is a safer approach 
than switching the motor directly through wires carrying 
mains currents. 

When. we come to multiple-pulse coders and PPM we are 
fully into the realm of remote control. At this point certain 
problems may arise, particularly if the wire link is long. The 
output terminals of TTL and other i.c.s are not normally 
designed for passing signals into long wires. The wires have 
high impedance to high-frequency signals, with their rapidly 
changing voltage levels. This leads to distortion of the signals, 
which may fail to reach the other end of the wire. In addition, 
the longer the line the greater the amount of noise picked up 
along the way, making the signal difficult to recognise at the 
Teceiving end. We describe both the driver and the receiver 
circuits in this chapter, since they are electrically connected. 

In order to overcome problems with long and noisy lines 
we need outputs that are capable of delivering a greater 
current at high frequencies. Such line-driver circuits are 
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available as ic.s. Figures 7.6 to 7.9 show how to use line- 
drivers when passing the output of a multiple-pulse coder, 
PPM coder or voltage-to-frequency converter into a wire link. 

When you first set up a wired system, try simply connecting 
the transmitter and receiver together by a twisted pair of 
wires. The twisting helps minimize interference and, provided 
the wire is not too long, there may be no need for a special 
line-driver and receiver. If this proves to be unsatisfactory, 
then the next simplest technique is direct TTL drive, as 
illustrated in Figure 7.6. Any TTL gate can be used as an 
output, except that outputs from flip-flops, shift-registers 
and similar devices should not be used. Receiving is best done 
by a Schmitt trigger gate, such as the INVERT gate shown. 





+5V 
icl 
Ys x 7400 ce 
Input S Output 
Ic2 
Ye x 7414 
Qa ee > an 
OV ) OV: 
To +5V: To OV: 
ICl, pin 14 IC1, pin 7 
1C2, pin 14 1C2, pin 7 


Fig. 7.6 Direct TTL line driver and receiver. 


The input terminal of this gate is held in between the thres- 
hold points by the two resistors. Thus it is ready to respond 
to any upward or downward change in input voltage. The 
Schmitt gate produces a sharp square-wave output which may 
then be fed to TTL or CMOS circuits. If noise is a problem, a 
resistor-capacitor filter may be added (R3 and Cl) as shown 
in Figure 7.7. 

Figure 7.8 shows a variation on the above technique using 
two specialized i.c.s. Voltages obtained are compatible with 
RS-232C serial interfaces. IC1 contains 4 line-drivers, 3 of 
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Fig. 7.7 Direct TTL line driver and receiver 
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Fig. 7.8 RS-232C line driver and receiver. 


which are 2-input NAND gates and 1 of which is an INVERT 
pate. Each gate requires input from a TTL gate, the input 
levels being OV (approximately) for low and SV (approxi- 
mately) for high. The corresponding outputs from the gate 
are +7V and —7V, when run on a +9V supply. The icc. 
requires only a small current at —9V, so can be powered from 
a 9V battery with a 7660 voltage converter i.c. (see Fig. 5.15, 
IC2, D1 and C3). At the other end of the line there is the 
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corresponding line receiver i.c., the 1489. This can be power- 
ed by a single 5V supply, to provide output suitable for TTL. 
The i.c. contains 4 receiver gates, each of which has a control 
input. A capacitor connected to this input helps reduce the 
effects of noise on the line. 


+5V 





Output 


a> 


a 





To +5V Be 2% 
- a2 02 
{Cl, pin 14 a ne 
1C2, pin 16 
To OV: 
1C1, pin 7 OV 
1C2, pins 8, 12 


Fig. 7.9 Differential TTL line driver and receiver. 


For long transmission lines, use a differential TTL drive, 
as in Figure 7.9. Instead of one line being a ground line, one 
line transmits the signal and the other the inverted signal. This 
may be done by using a differential line driver (such as the 
75172) or more cheaply by using the TTL NAND or INVERT 
gates. The 75173 produces a normal TTL output. 

The cost of the cable is a major consideration in a wired 
link. If the system later needs to be expanded, the cost of 
laying new cable increases the overall cost of the system 
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still further. The use of multiple-channel techniques, such as 
the dividing of code signals into subsets, or the tone-burst 
technique, described at the end of this chapter, makes it 
possible for several transmission links to share the same pair 
of wires. This can prove most economic, and makes a limited 
amount of system expansion possible for no additional cable 
cost. 


Mains link 

The circuits in this section are not recommended for begin- 
ners or those with little experience of working with mains 
voltages. 

The circuitry for putting signals on-to the mains wiring and 
recovering them again are necessarily complex. This is not 
only because of the problems associated with connecting low- 
voltage components to a high-voltage, but because of the 
presence of a considerable amount of noise on the mains 
wires. This includes not only the 50Hz AC frequency but 
also the spikes put on the mains by devices such as washing 
machines, refrigerators, and lamp-dimmers. Fortunately an 
i.c., the LM Bi-line Carrier Current Transceiver, has been 
Gesigned specially for the purpose, and greatly reduces the 
problems. Even so, the coupling of the i.c. to the mains 
requires more than average skill in the design and construc- 
tion. There is not space to go into design considerations 
here. Instead, we describe how to use a unit which is des- 
cribed in Maplin Projects, Book 16. Circuit diagrams and 
instructions for building and testing the units are described 
in this booklet. A kit of components is avaijable from the 
supplier listed in Appendix C. 

The device plugs into any ordinary mains socket and will 
then be able to communicate with a second device of the same 
kind plugged into any other mains socket in the house. It is 
able to transmit digital data or receive it, but not both at the 
same time. The connections to be made to the device are by 
means of a 6-way plug on the board, as shown in Figure 7.10. 
All of these terminals are wired only to opto-couplers so there 
is no electrical connection between these and any part of the 
unit’s circuit. Data inputs can be from TTL i.c.s or from 
RS-232 i.c.s, such as the line-driver of Figure 7:8. 
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Ov 40 | or controlled 
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Fig. 7.10 (continued) 
(c) connecting CMOS and TTL gates to the transceiver. 


an 


The device contains an oscillator which produces a high- 
frequency (125kHz) carrier signal. This is shifted to 127.750 
kHz or 122.500kHz, according to whether the data input is 
low or high, and transmitted to the mains. The receiver is 
tuned io detect these frequencies and produce low or high 
output accordingly. If several devices are plugged into the 
mains, all those in ‘receive’ mode will respond to the signal 
from a single transmitter. In theory, it is possible to tune 
each receiver to respond to a different set of frequencies, but 
this makes the operation of a system unnecessarily compli- 
cated. If you wish to control several receivers from one 
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transmitter, the simplest technique is to code the signal itself, 
so that only the intended receiver can respond to it. For 
example, using the 4-digit multiple-pulse system the first 
two digits identify which receiver is being called. Thus all 
four of codes 0000, 0001, 0010 and 0011 refer to receiver 0. 
All four codes 0100, 0101, 0110 and 0111 refer to receiver 1. 
The last two digits tell the receiver what action to take. 
Receiver 0, for example, responds to all signals beginning with 
OO, taking one of four possible actions, depending on the 
code contained in the final two digits. All other receivers 
ignore codes beginning with OO, and take no action. Another 
way of using this technique identifies up to 8 receivers by 
using the first 3 digits. The final digit then gives a simple 
‘on/off’ control. Signal coding can also be extended to allow 
the use of several transmitters, each controlling one or more 
receivers. For example, all signals sent from transmitter 0 
to receiver O begin with OO. All sent from transmitter 0 to 
Teceiver | begin with O01. All sent from transmitter 1 to 
receivers 0 and J begin with 10, and so on. The technique 
is very flexible. A similar technique may be used with PPM 
systems, using the i.c.s described on page 70. 

The minimum requirement is two of these units, one as a 
transmitter and one asa receiver. If pin 3 (TX/RX) is made 
high, the unit transmits (Fig. 7.10a), otherwise it receives. 
It is possible to devise more complicated systems than that 
shown in the figure, in which the voltage at pin 3 can be 
switched on or off automatically, giving a two-way system. 
This could be useful if you require feedback from the 
controlled device. Note that the keyboard or coder used at 
the transmitter requires its own power supply (see Appendix 
D), as does the decoder and controlled device. Figures 5.5 and 
5.6 show how to wire up the simplest possible input device — a 
single push button — for single-pulse or sequential-pulse control. 

When building and testing these units it is strongly recom- 
mended that you take the mains power supply from a socket 
fitted with a residual current circuit breaker (RCCB). The 
same precaution applies to the next circuit. 

The transceiver described above is very reliable, can trans- 
mit and receive a train of pulses at high speed, is highly 
immune from noise, but is complex to build and set up and is 
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Fig. 7.11 Low-cost mains transmitter and receiver. 
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relatively expensive. Figure 7.11 shows a simple system that 
is cheap and is adequate for slow transmission on mains 
systems that do not have much noise. Note that the system 
uses the neutral and earth lines) ON NO ACCOUNT MUST 
THIS CIRCUIT BE CONNECTED TO THE LIVE LINE. 

The transmitter consists of an oscillator built from a TTL 
Schmitt NAND gate. The frequency of the oscillator depends 
on the capacitance of C1. With the value shown in the figure 
the oscillator emits a tone burst of approximately 200kHz 
whenever the input to pin 1 goes high. The output from the 
oscillator is coupled to the neutral line by capacitor C2. 
This 1s a polypropylene capacitor of high working voltage 
(1000V). CAPACITORS OF OTHER TYPES MUST NOT 
BE USED. The voltage on the neutral tine is normally close 
to that on the earth line, but should there be failure on 
electrical equipment connected to the mains, it is possible that 
high voltages may appear locally on the neutral. The capacitor 
is to prevent damage to the circuit, and the operator, in such 
circumstances. 

The receiver, also coupled to the neutral line by a high 
working voltage polypropylene capacitor (C3) consists of a 
tone burst detector tuned to the same frequency as the 
transmitting oscillator. The i.c. used is the NE567 tone- 
decoder. The output of this ic. is at pin 8. When it is 
receiving a tone burst of the correct frequency, the output 
goes low. The i.c. can operate on 5V or 9V, so is suitable for 
use with transistors, CMOS or TTL. It has an open-collector 
output so requires a pull-up resistor (Fig. 7.11b, R3) to hold 
the output voltage high when the i.c. is not receiving a tone 
burst. The values shown in Figure 7.11b are suitable for 
receiving a 200kHz tone burst. At 200kHz, the bandwidth 
is about 16% (as set by C5), so in fact the i.c. responds to any 
signal in the range 170 to 230kHz. The bandwidth decreases 
with increasing frequency. For example, it is only 11% at 
400kHz. By suitable choice of frequencies and bandwidth, it 
is possible to have several transmitters, each with its own 
receiver(s) tuned to the same frequency operating on one 
mains system. To accommodate several transmitters, it may 
be necessary to reduce the bandwidth by increasing the value 
of CS. Increase the value of C4 too, so that it is approximately 
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twice the cdpacitance of CS. 

Special care is needed when designing and making the 
circuit boards, to ensure that no part of the circuit, except 
the OV line and the mains side of C2 and C3, can come into 
contact with the mains lines. When testing the circuits it is 
not necessary to make connections to the mains. Simply 
connect their OV lines together and join the output of the 
transmitter to the input of the receiver. The transmitter 
operates at a fixed frequency (f = 200/C1, approx., with Cl 
in microfarads), so it is necessary to tune the receiver to 
respond to it. To test the transmitter, observe its output 
using an oscilloscope. You should see a square wave, 
approximately 200kHz amplitude 5V. To test and adjust 
the receiver, connect a voltmeter to pin 8, and set the 
transmitter to produce a continuous tone (input high). The 
output from the receiver will probably be high (+5V or +9V) 
at this stage, if the tone is outside the range to which the 
receiver is tuned. Adjust VR1 slowly until the output 
voltage drops to OV. The receiver is then tuned. Its output 
should rise to high again when the transmitter is not pro- 
ducing its tone. It may happen that no setting of VRI will 
produce a low output. If so, replace R2 with a resistor of 
Slightly lower or higher value. 


Optical fibre 

The main advantage of optical fibre is that it allows visible 
light or infra-red to be used for transmission over long 
distances with the minimum of noise. It is also useful in 
Situations in which direct line-of-sight transmission is not 
convenient. The fibre is made from a polymer, and often 
coated in a black light-proof layer to prevent incident 
light from entering. Glass fibre is also available and has 
superior transmission properties, but is considerably more 
expensive than polymer fibre. 

The signal from a filament lamp, visible-light LED or 
infra-red LED is passed into one end of the fibre and 
emitted from the other end. There it is detected by a suit- 
able photo-sensor. The main consideration is that as much as 
possible of the radiation from the lamp or LED must enter 
one end of the fibre and as much as possible of the radiation 
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Fig. 7.12 (a) Section through home-made fibre-optic mount; 
(b) close-up section through ‘Sweet Spot’ device (simplified), 
mounting not shown. 
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reaching the far end must be directed at the photosensitive 
area of the sensor. To maximise the transfer of radiation the 
end of the fibre is sliced across at right angles with a sharp 
razor blade. 

It is not difficult to improvise a mounting to hold the cut 
ends of the fibre close to the emitting and receiving devices 
(Fig. 7.124). Suitable mounts are available ready-made. It is 
also important that extraneous radiation is not able to enter 
the fibre at the transmission end, or to reach the sensor at the 
receiving end, so it is essential that the mount is light-proof. 

Although ordinary LEDs and photodiodes or phototransis- 
tors may be used, it is difficult to ensure that all the radiation 
enters the fibre and all is recovered from it. The ‘Sweet Spot’ 
series of devices comprises a high intensity infra-red LED, a 
visible light LED, and a Schmitt receiver photodiode. These 
have a tiny glass bead directly on the chip (Fig. 7.12b). 
Radiation from the emitting area of the LED is focussed by 
the bead into a narrow beam, most of which will enter the 
end of a fibre. Similarly, most of the radiation arriving at the 
receiving end of the fibre is focussed on to the sensitive area of 
the photodiode. Such devices are relatively more expensive 
than ordinary LEDs and photodiodes, but have applications 
when transmission is to take place over longer distances. 


Radio 
Details of radio construction and testing are outside the scope 
of this book. There are ready-made radio-control units avail- 
able commercially which may be used in conjunction with the 
circuits described in this book. Or you may be able to remove 
the transmitter and receiver from a radio-controlled model 
that you no longer require. If you wish to build your own 
transmitter and receiver, the kits marketed by Maplin (see 
Appendix C) are relatively simple to construct. The way to 
connect these to remote control circuits is described below. 
Similar techniques may be employed with ready-made trans- 
mitters and receivers; it is hoped that the descriptions below 
will show you how to use these for remote control. 

The Maplin 27MHz transmitter is assembled on a printed 
circuit board measuring 58mm x 48mm. It requires a power 
supply of 6V to 9V. Since its power consumption is only 
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15mA, it may be powered by a PP3 battery. This makes it 
very suitable for inclusion in a hand-held controi unit. The_ 
p.c.b. has 8 terminal pins (Fig. 7.13), of which pins 5 and 7 
are connected to the battery. The connection to the aerial 
comes directly from the aerial coil. The transmitter has 4 
data channels, 2 for analogue data (Channels 1 and 2), and 2 
for digital data (Channels 3 and 4), all of which operate 
simultaneously. 


Ch. 2 470K2 






Joystick, 
sliders etc 


+6V to +9V 





To aerial 


Fig. 7.13 Connections to the radio control transmitter. 


The output from the transmitter consists of a 27MHz 
carrier wave fully modulated to produce a chain 6 pulses every 
20ms (Fig. 7.14). The first two pulses are of variable length” 
and convey the analogue information of Channels 1 and 2. 
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Fig. 7.14 Signal from the radio transmitter. 


The other 4 pulses convey the coded logic level (low or high) 
information of Channels 3 and 4. 

Analogue control of Channels | and 2 is by means of two 
rotary or slider potentiometers. The rotary potentiometers 
could be the two potentiometers of a proportional joystick. 
The full-track resistance of these should be 470k if the full 
range of output from the transmitter is to be achieved. The 
analogue information is conveyed by the width of the first 
two pulses. The effect of varying the resistance of VR1 or 
VR2 is to vary the width of the corresponding pulse. 

The diagram (Fig. 7.13) shows two switches or push- 
buttons being used to input commands to Channels 3 and 4. 
This allows for the independent control of two on/off func- 
tions in the controlled device. The input pins of the trans- 
mitter may also be fed from the output of a TTL or CMOS 
gate. Thus Channel 3 or 4 can be used for transmitting pulses 
from a multiple-pulse coder or PPM coder. The only require- 
ment is that the rate of pulse generation of the coder is 
appreciably slower than the rate of production of pulse trains 
by the coder in the transmitter. Since the latter produces a 
train every 20ms (50 times a second), while the pulses from 
the multiple-pulse coder last about 750ms, the two circuits 
are compatible. 


Tone burst generator 
The most convenient source for the high frequency is an 
astable multivibrator built from a 555 timer i.c., as in Figure 
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Fig. 7.15 Astable mut!tivibrator using 555 timer IC. 


7.15. The variable resistor is used for adjusting the frequency. 
With the values given, frequency can be adjusted over the 
range 300Hz to 10kHz. When a suitable frequency has been 
found, VR1 and R1 could be replaced by a single fixed resistor 
of the required value. The circuit could also be modified to 
allow switching of resistor value between the 5V line and pin 
7, so as to allow the frequency to be set instantly to various 
values for controlling several devices from the same trans- 
mitter. An alternative way of providing a range of frequencies _ 
is to use one or more flip-flops to divide the frequency by 2 
at each stage. A circuit for frequency division is shown in 
Figure 10.9. If the output from the 555 is fed to the input 
of this circuit, a waveform of half the frequency of the 555 is 
obtained from Output I, and a waveform of one-quarter the 
frequency is obtained from Output 2. 

The output from the 555 oscillator, or from any flip-flops 
connected to it, can be used directly to power an infra-red 
LED, as in Figure 7.16a. To drive a low-voltage filament lamp, 
use a transistor, as in Figure 7.16b. This allows transmission 
over greater distances (Chapter 6). The push-buttons are 
intended as ‘transmit’ buttons. When they are pressed a tone 
burst of infra-red radiation or visible light is transmitted. This 
is how these circuits are used in a single-pulse system or for 
sequential control (Chapter 5). For use in multiple-pulse 
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Fig. 7.16 Producing tone-bursts from an LED or filament lamp. 


systems the circuits of Figure 7.16a and b are operated by 
logic gates. In the case of the multiple-pulse coder (Fig. 6.4) 
the output from the 555 must be ANDed with the output 
from the shift register of the coder. This may be done either 
with an AND gate or with two pee gates, as shown in 
Figure 7.16c. 
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Chapter 8 
RECEPTION 


The type of receiver required may depend upon the length of 
the transmission path, and the amount of noise introduced at 
this stage. Under several of the headings in this chapter you 
will find a number of different receiving circuits suited to 
different transmission conditions. The outputs from these 
receiver circuits are suitable for use in systems of all types. 
If you are using tone-burst transmission, consult the last 
section of this chapter for tone-burst detecting circuits. 
Outputs from the receiver circuits, or from a tone-burst 
detector may be used in single-pulse systems to drive a 
transistor switch or to operate a relay, as described in 
Chapter 10. The same chapter also shows how to use the 
output from a receiver to operate a sequential-pulse system. 
If you are using a multiple-pulse system or PPM, you will 
need to pass the receiver output to an appropriate decoder, 
as described in Chapter 9. 


Ultra-sound 

The circuit of a simple, yet very effective, receiver is shown 
in Figure 8.1. The ultra-sound is picked up by the ultra- 
sonic receiver crystal, RX]. This is prepared during manu- 
facture so as to resonate strongly to ultra-sound of frequency 
40kHz. Thus it resonates strongly when it detects a signal 
from the transmitter described in Chapter 7, but is virtually 
unaffected by sounds of other frequencies. This gives freedom 
from spurious triggering of the circuit. The electrical output 
from the crystal is amplified by TR1 and TR2, rectified by 
D1, and produces a drop in the potential difference across 
R6 when a signal is being received. The operational amplifier, 
IC1, is affected by the consequent reduction in the current 
flowing to its inverting input (pin 2), and its output voltage 
(pin 6) rises. This raises the potential of both plates of C3, 
causing an increase of potential at the non-inverting input 
(pin 3), latching the ic. to give continued high output. 
Eventually the additional charge on C3 is discharged through 
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R9, and the i.c. becomes unlatched (assuming that the ultra- 
sonic signal has ceased in the meantime), allowing the output 
to fall again. The variable resistor VR1 is used to set the level 
at which triggering of the circuit into latching condition 
occurs. If the value of C3 is increased to, say, 15OuF, the 
latching action is prolonged for a period of about 10 seconds. 
This could be made use of if it was required that a short ultra- 
sonic signal should evoke a prolonged response. 

The output of ICI is also fed to the potential-divider, 
R1O/R11, so that TR3 is switched on when the output of the 
i.c. goes high. An LED can be used as shown to indicate the 
state of the circuit, the LED coming on when a signal has been 
received and going off a fraction of a second after the signal 
has ceased. The output of the circuit is taken from the collec- 
tor of TRI. and is high (about 10.5V) when no signal is being 
received, dropping sharply to low (less than 0.1V) when a 
signal is detected. The values quoted apply to operation from 
a 12V supply, but it may be more convenient to operate the 
receiver from a battery giving 9V or 6V. Though this is lower 
than the voltage recommended for the i.c., this seems to make 
little difference to sensitivity and no changes in component 
values are required (though VR1 will need a different setting). 
If a 6V supply is used, the output voltage is 5V when high, 
and close to OV when low, making the receiver completely 
compatible with TTL circuits. At 6V the receiver requires 
only 12mA, even when the LED is lit, thus making this circuit 
very suitable for battery operation in model control projects. 
Whether its output is analysed by TTL or, to obtain maximum 
power economy, by CMOS, depends on the kind of applica- 
tion. If CMOS is to be used, the PP3 battery is a conveniently 
small power supply, and both the receiver and CMOS i.c.s can 
operate on the 9V it supplies. 


Construction 

With reasonably compact layout the whole circuit can be 
accommodated on a piece of 0.} inch matrix strip-board, 
about 15 strips wide and 30 holes long. This has room for an 
i.c. to analyse the output; if a more complex decoding circuit 
is required, the board should be larger or the decoder placed 
on a separate board. The receiver circuit presents no problems 
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in assembly. The ultra-sonic receiver RX1 has two terminals, 
one of which is connected to its casing; this termina) should 
be connected to the ground line of the circuit. The whole 
Circuit should be completed and checked for correct wiring, 
and the absence of solder bridges and other construction 
faults before it is tested. If the LED has been incorporated, 
this can be used to see if the circuit is working properly. If 
it has been decided not to include the LED, connect a volt- 
meter to the ground line and to the output terminal. When 
power is first applied the LED normally emits a single flash, 
though this may not happen at first testing. Instead the LED 
may shine continuously, indicating that the wiper of VRI is 
set too near to the positive rail. If this is so, turn VR} until 
the LED goes off; alternatively, if you are using a voltmeter 
across the output, turn VR1 until the voltmeter reads ‘high’. 
The action of the receiver may then be tested by using the 
ultra-sonic transmitter (Chapter 7) held with its transmitter 
crystal pointing toward the receiver crystal and about | metre 
away from it. Immediately the ‘transmit’ button is pressed, 
the LED should light, and stay lit until a fraction of a second 
after the button has been released. 

If the receiver shows no response, the fault probably lies 
with the transmitter, since its oscillator circuit (Fig. 7.1) may 
not be in perfect resonance with the transmitter crystal] at 
exactly 40kHz. Adjust VRI of the transmitter while pressing 
the ‘transmit’ button, until the receiver shows response by the 
lighting of the LED (or output voltage falls to zero). Then 
gradually increase the separation between transmitter and 
receiver, keeping the two crystals pointing at one another. 
Their effect is very directional and, though the system will 
work well even when they are not at all closely lined up, 
maximum range can be attained only when they are directed 
along the same axis. A range of 4m or more should be readily 
attainable, but much depends upon the nature of the surfaces 
of walls, floor and furniture. Range is relatively great in a 
narrow corridor, especially if it lacks carpets and curtains. 

When you appear to have exceeded maximum range and the 
receiver no longer responds to transmissions, ‘try adjusting 
VRI of the transmitter to improve resonance. This may give 
even further extension of range. Try also to improve the 
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sensitivity of the receiver by turning the wiper of VR1 (of 
the receiver) toward the positive rail until you reach a position 
in which the LED does not light, but from which position the 
slightest further movement toward the positive rail causes the 
LED to light. This is the position of maximum sensitivity. 

See Figure 9.5 for a more sensitive receiver which demodu- 
lates the ultra-sonic signal, making it suitable for PPM systems. 


Infra-red 
A very simple yet useful receiver is shown in Figure 8.2. 


TIL100 





Fig. 8.2 Infra~red receiver interface. 


It uses a photodiode that is sensitive in the infra-red range. The 
case of the diode is relatively opaque to visible light, though 
transparent to infra-red radiation. However, light from domes- 
tic filament lamps and high-intensity fluorescent lamps con- 
tains a strong component in the infra-red band. So does 
sunlight. If the circuit is to be used under brightly lit 
conditions, the action of the infra-red transmitter may be 
swamped. There are several ways to minimise this: 


(i) Screen the photodiode from external sources as far as 
practicable. 

(ii) Use a strong infra-red source in the transmitter — three, 
four or possibly more LEDs. 
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(iii) Place a colour-filter over the sensitive surface of the 
photodiode. Kodak filters 87 or 87C transmit infra-red 
and absorb most visible wavelengths; the 87C is slightly 
better in this respect. 

(iv) Use a circuit that is sensitive only to sharply-defined 
pulses of infra-red, and not to gradual changes of inten- 
sity (see later). 

(v) Use a tone burst circuit tuned to a particular frequency 
of modulation. 


The methods above are listed roughly in order of cost and 
complexity, so it is advisable to try them in the listed order 
until satisfactory performance is obtained. 

The circuit of Figure 8.2 depends upon the fact that the 
current passing through D1 increases as the amount of radi- 
ation falling on it is increased. The result is an increase of 
potential at the junction of Dl and RI. This causes an 
increasing base current to flow to TR1, gradually turning it 
on. As it becomes turned on, the potential at the collector of 
TRI begins to fall, so that the base current to TR2 is gradually 
reduced, turning TR2 off. As TR2 is turned off, the potential 
at the junction of R6 and R7 falls, for the current flowing 
through these resistors is being reduced. A fall of potential 
means that the potential difference between the base and the 
emitter of TR1 is increased, so TRI is turned more fully on. 
This turns TR2 even more fully off. A slight change of 
potential at the D1/R1 junction produces a rapid ‘snap- 
action’, turning TR2 off, and thus producing a ‘high’ output 
from the circuit. The level at which this transition occurs can 
be set by using VRi to provide a given amount of bias current 
to TRI. VR1 is set so as to provide almost enough current to 
trigger the circuit. Any additional current resulting from a 
slight increase in the amount of radiation received will be 
sufficient to trigger the circuit, and cause its output to change 
from ‘low’ to ‘high’. 

Figure 8.3 shows a high-gain amplifier based on two opera- 
tional amplifier i.c.s. Since the junction between DJ and RI is 
coupled to the amplifier by a capacitor, the circuit responds 
to relatively rapid changes of irradiation, such as caused by 
the arrival of a pulse of infra-red, but not to slower changes 
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such as gradual changes in the amount of sunlight reaching 
the sensor. By reducing the value of Cl, this effect can be 
made even more distinct. The amplifier IC] is connected asa 
differential amplifier; the variable resistor is set so that the 
output of this amplifier, as measured at point A is 7.5V with 
respect to the OV rail. This resistor can be of the pre-set type. 

It is also possible to operate this circuit without Cl. Ifa 
wire link replaces Cl, the circuit responds to all changes in 
radiation; the voltage at A goes negative for the duration of a 
pulse, and rises in between pulses. D1] and RI may be inter- 
changed if the reverse action is required: In this configuration 
VRI1 may bea potentiometer (volume control) and used to set 
the level at which the circuit responds. 

The single amplifier [C1 may be used on its own if the 
circuit is found to be sufficiently sensitive. For further 
amplification, the output from IC1 is fed to a second ampli- 
fier, connected as an inverting amplifier. The output from this 
swings strongly toward the positive rail when an infra-red pulse 
is received. 

The output from these amplifiers, and the circuit next to be 
described may be used to drive transistors for switching opera- 
tions (Chapter 10) or may be fed directly to CMOS gates, the 
CMOS i.c.s being powered from the +15V and OV lines. 
Interfacing to TTL is more complicated because of the large 
voltage swings obtained from the amplifier output. One 
method of interfacing is given in Figure 8.4. The TTL circuit 
needs its own +5V supply, but the OV line of this is connected 
to the 7.5V rail of the amplifier circuit, indicated by B in 
Figure 8.3. If the input voltage rises above +5.6V, with 
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Fig. 8.4 Interfacing the infra-red receiver to TTL circuits. 
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respect to the TTL ground line, D1 conducts and so the gate 
is protected and the input is received as a normal ‘high’ input. 
Conversely, if voltage falls below —0.6V, D2 conducts and the 
input is received as a normal ‘low’ input. 

An even more sensitive receiving circuit is shown in Figure 
8.5. It has two amplifiers, the first being connected as a non- 
inverting amplifier, and the second as an inverting amplifier. 
This circuit is coupled to the sensor by a capacitor, so is 
sensitive to rapid changes of radiation intensity. The second 
amplifier has variable gain (VR1) allowing for adjustment of 
sensitivity. One problem associated with the high gain of this 
circuit is that it is liable to pick up electrical interference from 
nearby equipment. It should therefore be housed in an 
earthed metal case, and the ground line connected to the case. 
The output from this circuit can be used for driving transistor 
switches, CMOS gates, and the PPM decoder. To drive TTL 
gates the maximum output voltage must be limited to +5V. 
An interface circuit is shown in Figure 8.6. 


—-0 +5V 







TTL gate 
(any kind) 





From 
amplifiero ie 
(pin 6) output 
To - 
amplifier ov 9 
circuit © OTTL 
circuit 


Fig. 8.6 Interfacing the high-gain amplifier to TTL circuits. 


Visible light 
The receiving transducer is a phototransistor, mounted behind 
a converging lens, as in Figure 7.4. 
A short-range receiver circuit is shown in Figure 8.7 
Various types of photo-transistor may be used. One such 
device is the TI{L78, which has no base terminal. When using 
other types the base connection may be left unconnected as 
shown in Figure 8.7. If response is weak, a small base current 
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Fig. 8.7 Visible light receiver interface. 


may be provided by connecting the base to the +5V line 
through a resistor of selected value. For higher sensitivity the 
photo-darlington transistor type MEL12 is highly recommen- 
ded. This has a base terminal, which is left disconnected in 
this application, as in Figure 8.7. 

The output from the receiver circuit of Figure 8.7 may be 
fed directly to the multiple-pulse register circuit of Figure 9.1 
and thus the control link is complete. 

At longer distances there is increased risk of changes in 
local lighting levels being sufficient to trigger the receiving 
circuit. For example, passing clouds, changes in shadows 
caused by the relative motion of the Sun, dusk, dawn, all 
produce slow changes of light intensity that can affect the 
response of the phototransistor. To a certain extent this 
problem can be reduced or even solved by careful positioning 
of transmitter bulb and phototransistor. If the transistor is 
already fully saturated with light, the small amount of addi- 
tional light from the signal lamp will make no difference to 
its response. It is therefore essential to shade the photo- 
transistor or its lens housing so that direct sunlight can not fall 
on it at any time of day. The transmitter bulb should not be 
placed against a large light-coloured surface, such as white 
painted wall because reflection from the wall at certain times 
of day may swamp the effects of the signal lamp. Even these 
precautions may be insufficient and the only solution is to use 
the slightly more elaborate receiving circuit shown in Figure 8.8. 
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Fig. 8.8 Visible light receiver that responds only to 
rapid changes of intensity. 


The collector of the phototransistor is connected to the inputs 
of an operational amplifier. The capacitor connected on the 
inverting-input channel damps voltage swings in that channel. 
If light intensity changes slowly, the effect of the capacitor 
is negligible; inputs are more-or-less equal and the output of 
the amplifier remains close to OV, equivalent to logical ‘low’. 
The output of the gate is therefore ‘high’. However, if there is 
a sudden change in received light intensity, such as is caused 
by the arrival of a light signal, the imbalance at the two inputs 
is such as to cause a brief positive swing of the amplifier-out- 
put. The result is a brief low pulse from the output of the 
gate. The ending of the light pulse has no significant effect 
in this circuit. Here we have a way of detecting the arrival of 
a signal pulse amid a background of slowly changing light 
levels. The low pulse from the gate (inverted if required) can 
be used to operate sequential control systems. 

The multiple-pulse system requires that both the beginning 
.and the end of the pulse should be detected. This is done by 
the circuit of Figure 8.9. In this circuit we detect the begin- 
ning of the pulse in the same way as in Figure 8.8. The end 
of the pulse is detected by a circuit in which the damping 
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capacitor is wired to the non-inverting channel (IC2). At the 
arrival of a pulse there is no significant change, but when a 
pulse ends, the output of the amplifier swings sharply negative 
of OV. This negative pulse is transmitted through capacitor to 
one input of a bistable. The bistable is being used to recon- 
struct the original signal pulse by being set as the pulse begins 
and by being reset as it ends. The output from the bistable has 
approximately the same length as the original pulse and may 
then be fed to the register circuit of the multi-pulse system. 


Wired link, mains link and optical fibre 
Receivers for these systems have been described in Chapter 7. 


Radio 

As was explained in Chapter 7, the remote contro! radio trans- 
mitter and receiver marketed in kit form by Maplin Limited 
can be interfaced to many kinds of remote control system. 
Figure 8.10 shows the connections to the circuit board of the 
receiver. The digital outputs may be used directly for driving 
transistors or logic gates. They may be connected to decoders 











Radio receiver board 


() 
+6V to +9V 


From 
aerial 


“Analogue” 


. OCh. 2 Digital 
outputs 


OCh. 1 outputs 


Fig. 8.10 Connections to the radio receiver. 
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Fig. 8.11 Analogue output interface for the radio receiver. 


(Chapter 9) or directly to controlled devices (Chapter 10). 
The analogue outputs deliver a square wave of fixed frequency 
but variable mark (high voltage) width. The circuit of Figure 
8.11 is used to convert the output from Channels 3 or 4 into 
an analogue voltage. The output is inverted by the NAND 
gate so that when the output goes high, the gate output goes 
low and turns TRI off. This gives a high voltage at the collec- 
tor of TRI, charging Cl through R2. Part of the charge leaks 
away at a slower rate through R3. The longer the channel 
output is high, the longer TRI is off and the more charge 
accumulates in Cl. As a result, the potential difference 
across Cl ranges between about 0.7V and 4V, depending on 
the length of pulses from the channel output. This analogue 
voltage can then be used to control voltage-dependent devices. 
Note that the output impedance of the circuit is low. In 
other words, if an appreciable current is drawn from its 
output, the p.d. across Cl falls markedly. The output must 
therefore be fed to a high-impedance device, such as a field- 
effect transistor or an operational amplifier (see Figs 10.27 
and 10.29). 


Tone-burst detection 
By using the circuit of Figure 8.12 the signal can readily be 
monitored by ear, assuming that the tone is in the audio- 
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Crystal 
earphone 


connection OV 


Fig. 8.12 Simple receiver for tone-bursts 
in an infra-red or visible light beam. 


frequency range. The values used in Figure 7.15 provide a 
range of tones, all of which are audible. This circuit is very 
useful when experimenting, and when setting up and testing 
an infra-red or visible-light link. Incidentally, the circuits of 
Figures 7.16a or b and 8.12 together make up a simple trans- 
mitter-receiver system for morse-code signalling by light- 
beam. Since this does not operate on radio-frequencies it is 
an entirely legal method of transmission and no licence is 
required. If, instead of using the 555 i.c., you take the output 
from an audio-amplifier, this system can be used to transmit 
speech or music. 

In Figure 8.12, the transistor TR2 is being used to amplify 
the voltage changes occurring at point A when a signal is being 
received. To make an even simpler receiver, connect the 
earphone directly to point A, and omit TR2, R2 and R3. But 
for use with the detector circuit next to be described, 
amplification by TR2 is normally essential. 

The essential features of a circuit that detects tone bursts 
of a particular frequency are shown in Figure 8.13. A voltage- 
controlled oscillator (VCO) is set to oscillate at a given 
frequency, the central frequency, which is the frequency to 
which we wish the circuit to respond. The frequency of the 
VCO is varied on either side of central frequency by varying 
the voltage applied to it from the loop filter. The phase 
comparator compares the input signal (which may come from 
a circuit like that of Figure 8.12) with the oscillations from 
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Fig. 8.13 Principle of a phase-locked loop. 


the VCO. The output of the phase comparator is proportional 
to the error between the phase of the input signal and the 
phase of the signal from the VCO. This output is filtered by 
the loop filter. The varying voltage from the loop filter 
controls the frequency of the VCO making it change until it 
locks on to the frequency of the input signal. Thus the 
complete circuit, which is a closed loop, is known as a phase- 
locked loop (PLL). Output from the loop may be taken at 
several different stages, depending upon what functions are 
required. In the tone-burst-detecting application, output is 
taken from the loop filter, so as to monitor the control 
voltages being applied to the VCO. To minimise the loading 
on the loop filter, this voltage is not monitored directly, but 
though a source follower. 

The complete circuit for a phase-locked loop is obtainable 
in a single CMOS i.c., the 4046. It needs only a few external 
capacitors and resistors. The i.c. contains two sections of the 
circuit as separate units: the VCO with source follower, and 
the phase comparator. Actually this ic. contains two phase 
comparators, each with distinctive operating features. Phase 
comparator IJ is a low-noise phase detector (simply an exclu- 
sive OR gate), with a relatively narrow tracking range. It 
requires a 50% duty cycle for the input signal and also locks 
on to harmonics of the central frequency. Both of these 
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features are disadvantages in this application. Although the 
Phase comparator ]I is more subject to interference from 
noise it has the advantage of being a wide-band detector and 
does not require a 50% duty cycle for detection. With the 
values given in Figure 8.14, the central frequency of the VCO 





Fig. 8.14 Practical phase-locked loop circuit. 


is approximately 300Hz. To work at other frequencies, C] 
may be changed in value, since frequency is inversely propor- 
tional to capacitance. However, C1 must not be less than 
100pF when supply voltage is 5V, or less than SOpF when 
supply voltage is 10V and over. Increasing R1 to 1MQ reduces 
central frequency to approximately one-tenth, while reducing 
RI to 10kQ2 increases central frequency approximately ten- 
fold. R} must not be outside the range 10kQ to 1M. Central 
frequency is also increased approximately fifty-fold by 
increasing supply voltage to 10V or over. The loop filter 
consists of R2 and R3 with C2. With the values shown the 
circuit works as described and there is no need to alter these 
values. 

The output from the source follower (pin 10) must be fed 
to a load resistor R4, which must have a minimum value of 
10kQ. The output may then be fed to a device of suitably 
high impedance (greater than’ 10k) such as the input of a 
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CMOS gate. When the input to the circuit is steady at OV or 
at 5V (either of which conditions may be thought of as a 
signal of frequency OHz), output at pin 10 is low (OV). It 
remains close to OV at input frequencies below the central 
frequency, though rises gradually as the central frequency is 
approached. When the input equals central frequency, the 
output reaches its maximum value, which is a little over 3V, 
at a supply voltage of 5V. This is effectively a logical high 
and can be fed to a CMOS logic gate. Increasing input 
frequency above central frequency has no further effect; 
output remains steadily high. Thus the output of the circuit 
is high whenever it is receiving a tone-burst or frequency 
equal to or higher than the central frequency. 

One way of operating two remotely controlled devices 
independently from two transmitters or from a_ single 
switched-frequency transmitter is shown in Figure 8.15. 
Device 1 responds when the tone burst frequency is 800Hz 
because its phase-locked loop is tuned to that frequency. 
Device 2 responds when the tone-burst frequency is 400Hz, 
obtained in this example by dividing the timer frequency by 
2, using a single flip-flop. Device 2 requires two phase-locked 
_ loops, one tuned to 400Hz and the other tuned to 800Hz. 
Their outputs are fed to an exclusive-OR gate. When the 
received tone-burst has frequency 800Hz, both loops respond, 
both outputs are high and the output of the gate is low. 
When there is no tone-burst, both outputs are low, and the 
output of the gate is low. But when the tone-burst frequency 
is 400Hz, the outputs of one loop (400Hz) is high and the 
other one (800Hz) is low; this is the exclusive-OR condition, 
and the output of the gate goes high, thus passing the pulse 
to the decoder. 
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Chapter 9 
DECODING 


Decoders are not required for single-pulse and sequential 
pulse systems. If you are designing such a system, circuits 
for the next and final stage of your system are described in 
Chapter 10. 


Multiple-pulse 4-digit decoder 

This circuit (Fig. 9.1) is designed to decode transmissions 
coded by the 4-digit coder described in Chapter 6. Every 
command pulse train consists of a half-length ‘start’ pulse, 
followed by four full-length code pulses. These may each be 
high or low depending on the coding. 

When the ‘start’ pulse arrives at the receiver, it causes the 
trigger pulse generator to produce one very short low-going 
pulse that triggers the 555 timer (IC2) into action. The 
relationships between the various pulses of this circuit is 
illustrated in Figure 9.2. By reading from left to right across 
the diagram we can follow the various stages of operation. 
The top line of the diagram represents the command pulse 
train arriving at the receiver. The ‘start’ pulse is shown high 
(S), the code pulses, d, c, b, a, (transmitted in that order) 
may be low or high, and are followed by a low state that lasts 
unti] the next command train arrives. In the second line of the 
diagram we see the brief trigger pulse which occurs on the 
leading edge of the ‘start’ pulse. There are other trigger pulses 
later (indicated by ‘?’) if a low pulse in the code is followed 
by a high one, but these have no effect once the 555 has been 
triggered. The 555 is connected as a monostable multivibrator 
and its output goes high until halfway through the pulse 
representing digit a. 

The output from the timer is fed to a double-pulse genera- 
tor that produces a high ‘count’ pulse as the timer output 
goes high and a high ‘stop’ pulse as the timer output goes low 
(Fig. 9.2). The ‘count’ and ‘stop’ pulses are on separate lines. 
The purpose of the ‘count’ pulse is to synchronise the clocking 
of the shift register in this circuit with the clocking of the shift 
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Fig. 9.1 Multiple-pulse decoder (4-digit). 
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R4 Sf 100ur 
1802 





TO Veg (+5V): To ground (OV): To Vec through 1K 
IC1, pin 14 IC1, pin 7 resistor: 
IC2, pins 4, 8 1C2, pini IC5, pins 2, 3, 4, 5 
1C3, pin 14 1C3, pin 7 (parallel inputs) 
ICc4, pin 5 IC4, pins 6, 7, 10 
IC5, pin 14° IC5, pins 6, 7 
IC6, pin 5 IC6, pin 12 
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Tegister of the transmitter circuit. The clocking pulse comes 
from IC4, a divide-by-ten i.c. that is driven continuously by 
the clock. The clock is made from two NAND gates and 
has a frequency ten times faster than the clock of the coder 
(Fig. 6.4). The D output of IC4 thus has the same frequency 
as the transmitter clock, though its duty-cycle is different, 
being low for four times longer than it is high. At the ‘count’ 
pulse the divider is reset and continues counting from zero. 
Since the ‘start’ pulse is only half the length of the code 
pulses, it reaches zero again exactly half-way through the 
period of each of the code pulses. As the count changes from 
9 back to zero, the D output falls, and this fall clocks the 
shift register. The diagram shows the divider being reset from 
a count of 6, when D is already low, so there is no pulse on 
resetting. If the divider is at counts 8 or 9 when it is reset, 
the shift register is clocked, and this shifts the ‘start’ pulse 
into register A. This makes no difference, for it is shifted 
through the registers and lost before the end of the operation. 

The serial input of the shift register receives the start pulse 
and code pulses directly from the circuit input and, since the 
clocking pulses are synchronised to coincide with the centre 
of each code pulse, the code pulses are shifted as shown in the 
diagram until they each are held in a register. This occurs after 
4 shifts (or after 5 if there is an initial shift due to resetting 
from 8 or 9). The code must next be transferred to a second 
set of registers where it can be held (or latched) until replaced 
by the next command code. The outputs of the four latches 
of IC6 follow their inputs if the clock inputs are high. There 
are two clock inputs, operated in parallel in this circuit, each 
input controlling two latches. When clock inputs go low, the 
latch outputs remain latched in the state they are in at the 
instant clock goes low. They remain in that state until clocks 
go high again, when they once more follow their inputs. The 
brief ‘stop’ pulse thus captures the state of the shift registers. 
This loads the code into the latch registers, where it remains 
until it is replaced by the next command. The time from the 
pressing of the ‘transmit’ button until the appearance of the 
code at the latch register outputs is approximately 3 seconds. 
This is fast enough for most applications. If faster response is 
essential the clock rates may be increased, though this could 
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lead to difficulties in adjusting the system and might make it 
more susceptible to mis-timing should the values of electro- 
lytic capacitors change, as they often do with age, especially 
when left unused for a period. 


Construction 

The unit requires only 6 i.c.s together with a few other 
components, so can easily be accommodated on a small 
circuit-board. The prototype used a piece of strip-board 50 
holes long and 18 strips wide, the i.c.s being arranged in two 
rows of 3. The circuit can be powered from a 5V regulated 
power-pack, or from a 6V battery. 

First assemble the clock, using two of the gates of ICI. 
Next connect the divider (IC4), remembering to ground the 
two ‘Reset 9’ inputs (pins 6 and 7). Temporarily ground the 
two ‘Reset 0’ inputs (pins 2 and 3) so that the clock and 
divider can be tested. Outputs are most conveniently tested 
by connecting them to an LED in series with a 180 ohm resis- 
tor which is itself connected to ground. Connect an LED to 
the D output of the divider; it should flash regularly, about 
15 times in 10 seconds (1.5Hz). If another LED is connec- 
ted to the output of the clock in the transmitter, this should 
be seen to flash at the same rate. The rate of the transmitter 
clock should now be adjusted, using VR1 of the coder, until 
the two LEDs flash at equal rates, as near as can be judged 
by watching them. Since the transmission cycle occupies only 
4 clock pulses, slight discrepancies are of no importance. 

Next build the trigger pulse generator, using the two gates 
remaining unused in IC]. Wire up IC2 and the connection 
between it and the trigger pulse generator. The trigger pulse is" 
too short to be observed using an LED, but its action can be 
checked by testing the output of the timer. Immediately a 
high pulse is applied to the circuit input, the timer output 
should go high and remain high for approximately 3 seconds. 
Adjustment of the timer pulse length will be done later. 

The count/stop pulse generator uses all 4 NOR gates of a 
7402 i.c. The values of C4 and C5 are not critical; any surplus 
capacitors with values between 22uF and 15QuF can be used. 
Connect 2 LEDs to this generator to check its action (see 
Fig. 9.2). Next connect the ‘count’ output to the ‘Reset 0’ 
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input of IC4. Now an LED connected to the D output should 
flash regularly, except when the arrival of a high pulse at 
cizcuit input causes the timer to operate and to generate the 
‘count’ pulse that resets IC4. This shows as an interruption in 
the regularity of the flashing rate. It should resume flashing 
regularly about 0.7 seconds later. If an LED is connected to 
the timer output, we are ready to adjust the length of the 
timer pulse. Simply apply a high pulse to the circuit input; 
umer output should go high immediately and stay high until 
just after the fourth flash from the LED connected to divider 
D output. Adjust VR1 (receiver) until the timer LED goes 
out just after the fourth flash of the divider LED. 

Complete the circuit by connecting the shift register and 
latch i.c.s, and it will then be ready for final testing. For this, 
remove all test LEDs from the circuit, and then connect four 
LEDs to the latch outputs. Connect the output of the coder 
by wire to the input of the receiver. Power both coder and 
receiver from the same source for the purposes of testing. 
When the circuit is switched on, one or more of the LEDs 
may light, at random. Select control position ‘4’ (= binary 
0100; soc = 1,a = b=d=0). Press the ‘transmit’ button. 
About three seconds later the LED connected to register C 
should light, and the other three LEDs should be dark. If 
more than one LED is lit, something is wrong with the timing 
(you may be catching the ‘start’ pulse), or with the wiring 
associated with the control switch, the shift registers or the 
latch. If one LED lights but it is the one connected to latch B, 
this indicates that latching has occurred before the final 
fourth shift. Lengthen the timer pulse by adjusting VRI of 
the receiver. Conversely. if the D LED lights, reduce the 
length of the timer pulse. At each adjustment, press ‘transmit’ 
to repeat the test. Next select contro] position ‘9’ (= binary 
1001; so a = d = 1,b =c = 0) and repeat the test. If LEDs 
A and D light this is a sure indication that the pulse train has 
reached exactly the correct registers at the time of latching. 
Finally run through all control positions to check for correct 
action. The receiver is now ready to be connected to a 
decoder designed to interpret the command codes and relay 
corresponding instructions to the controlled device. Details 
of how this is done are given in Chapter 10. 
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Multiple-pulse 8-digit decoder 

This circuit is almost identical to that of the 4-digit coder, 
except that the shift register and latch i.c.s are for 8 digits 
instead of 4. The principle of operation of the circuit is 
exactly the same. Figure 9.3 shows how 74164 and 74273 
i.c.s are substituted for the 7495 and 7475 i.c.s of Figure 9.1. 
The length of time between the ‘count’ pulse and the ‘stop’ 
pulse must be doubled to allow 8 pulses to be received. The 
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Fig. 9.3 Multiple-pulse decoder for 8-digits. 
The remainder of the circuit is the same as in Fig 9.1, 
except that C3 has the value 100uF. 
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value of C3 is increased to 100uF to double the length of 
time for which the timer output is high. 

Building and setting up the system is the same as described 
in the previous section, except that you need 8 LEDs to 
connect to the outputs of the latch i.c. Having checked the 
operation of the circuit at slow speed, in which the pulse rate 
is 1.SHz, the coder may be adapted as described earlier, to 
operate at ten or more times this rate. The decoder must be 
similarly adapted. Replace capacitors C6 and C7 of the 
clock by IF capacitors to increase its frequency. Replace 
the C3 by a 4.7uF capacitor to reduce the time between 
‘count’ and ‘clear’. 


PPM decoders 
The PPM coder described in Chapter 6 is intended primarily 
for use with the 922 decoder, which provides a range of out- 
put facilities suitable for controlling TV sets and similar 
devices. Four other decoders, 926 to 929, are described later 
in this section. 

One great advantage of the system is that the decoder i.c. 
is triggered by the leading edge of each pulse, not by the pulse 
itself. This is a consequence of pulse position modulation. 
The actual length of each pulse does not matter (provided it is 
less than the time-interval between pulses), thus giving this 
system great immunity from noise. In multiple-pulse systems, 
and the digital proportional system, length of pulse is impor- 
tant and, when transmission is weak or made under noisy 
conditions, the original signal may become so distorted as to 
be useless. With PPM it is only necessary to sharpen the 
leading edge of each pulse by a suitable circuit and the i.c. 
can reconstruct the original pulse train for itself. 

Another way in which this system overcomes interference is 
that the i.c. waits until it has received two identical pulse 
groups before it acts. If there is an error (perhaps caused by 
interference) in the first pulse train to arrive, this does not 
Jead to an incorrect operation being performed. The first 
pulse train is compared with the second to arrival and, if they 
are identical, action is taken. If not, the i.c. rejects the first, 
awaits the third train and compares this with the second, and 
so on. Under bad reception conditions this could cause a 
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slight delay in response but this is preferable to wrong func- 
tions being activated and is a waming that perhaps the control 
operation should be terminated. 

The i.c. is connected as in Figure 9.4. The frequency of 
the internal clock is determined by the values of Cl], VR1 
and R2, according to the equation: 


1 
——— 
0.15C; (R, + R2) 


where VRI has value R; and R2 has value R,. R,; + R2 must 
lie between 25kQ and 200kQ2. It is to be adjusted in value so 
that f = 40/t,, to being the time for a ‘0’ interval, as explained 
in Chapter 6. C2 and R3 determine the time taken for the 
‘initial’ conditions of outputs (see later) to be set up following 
the switching on of the i.c. The values given make this period 
2 second. C3 and R4 determine the step time constant. This 
determines how rapidly the program outputs are stepped 
through their sequence of programs when the ‘program step’ 
(+ or —) command is received. The program outputs can also 
be made to step by a switching action at the receiver. If pin 5 
is grounded, the program outputs step through their sequence, 
cycling continuously at the rate determined by the step time 
constant. This function could be remotely controlled by 
using one of the analogue outputs. 

The analogue outputs each produce a current that is a given 
fraction of the reference current, Irep. The value of Iyer is 
determined by resistor R5. With the value shown, lI;e¢ is 
between 250 and 450uA. At switch-on (initial conditions) 
the current from analogue outputs is 12/8 of Iyer, that is to 
say somewhere in the range 375 to 675A, and with the loads 
represented by the 3.9kQ resistors the voltages at these out- 
puts are in the range 1.5V to 2.6V. As the ‘analogue + 
command is transmitted, output currents increase in steps of 
1/8 of ler up to a maximum value of 31/8 of Iyer. As the 
‘analogue —’ command is transmitted, the output currents 
decrease by steps of 1/8 of Ler to zero. 

The program outputs are listed in the table following. As 
can be seen, they are simply the inverse of the corresponding 
program number, in binary form: 
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L=low H=high 


The way of feeding signals to the decoder i.c. depends on 
the transmission method employed. It is possible to use line 
transmission of commands, in which case a low-value capacitor 
should be used between the terminal of the line and the input 
to the decoder. A 0.001uF capacitor is suitable. In this 
application, there is no carrier frequency, so the coder is 
without C1, and a fixed resistor 2.2kQ. is used in place of RI 
(see Fig. 6.9). For infra-red and visible-light transmission a 
high-gain amplifier such as that shown in Figure 8.5 can be 
used. 

With ultra-sonic transmission the circuit of Figure 9.5 
provides for ‘demodulation of the signal to make it suitable 
for the receiver i.c. 

If the analogue conversion and other special features of the 
922 are not required (most of which are geared to using the 
decoder in a TV remote control system), it is more convenient 
to use one of the 926—929 receivers. These each respond only 
to 16 of the 32 code groups produced by the 490 transmitter. 
The 926 and 928 respond to groups 00000 to 01111, while 
the 927 and 929 respond to groups 10000 to 11111. Thus 
the keyboard can have up to 32 keys, corresponding to all 
positions on the matrix of Figure 6.9. The 926 or 928 
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responds only when keys in the top 4 rows are pressed; the 
927 or 929 respond only when keys in the bottom 4 rows 
are pressed. 

If you have 16 or fewer functions, use only 1 decoder i.c. 
and implement as many keys as required, all in the top 4 rows 
or all in the bottom 4 rows. For 17 to 32 functions two i.c.s 
are required and the corresponding keys in up to 8 rows. It is 
possible to control two independent devices from one key- 
board by having, say a 926 in one device and a 927 in the 
other. 

The 926 and 628 differ from each other in their output 
characteristics. Both i.c.s have 4 output terminals correspond- 
ing to the 4 least significant digits of the code group. Thus a 
code group such as 01010, produces the output 1010. 
Remember that these i.c.s use negative logic, so that a ‘0’ 
corresponds with a high output (15V) and a ‘!’ corresponds 
with a low output (OV). Similarly, with the 927 and 929, 
the code group 11010 produces the output 1010. The differ- 
ence between the 926 and 928 is that the outputs of the 926 
are unlatched, whereas the outputs of the 928 are latched. 
The 927 and 929 differ in the same way. An unlatched 
output appears only as long as the i.c. is receiving the signal. 
When no signal is being received the outputs are 0000. Thus 
the output 0000 corresponds to ‘absence of signal’ so 
strictly speaking, the 927 and 929 respond only to 15 codes. 
With a latched output the output is held unchanged, even 
when no signal is being received, and changes only when a new 
signal is received. 

The four outputs of these i.c.s can be used to contro] just 4 
separate functions, one for each output. This is the simplest 
arrangement and requires only driving transistors or other 
devices (see Chapter 10) to activate the controlled devices. 
Each output can provide up to 15mA, so can be used to drive 
LEDs, thyristor controlled opto-electronic devices and the 
like. To control a greater number of functions, the outputs 
are fed to a decoder, as in Figure 10.31. This shows the icc. 
being used as a 10-line decoder, but the 4514 and 4515 have 
16 output lines. The output pins for program lines 10 to 15 
are 6,7, 8, 10,9, and 11 respectively. 
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Analogue decoding 

The decoding of analogue signals generated by a digital A-to-D 
converter connected to a 4-digit or 8-digit coder is performed 
as described earlier in this chapter. Decoding of signals 
originating from a voltage-to-frequency converter requires a 
frequency-to-voltage converter. A circuit employing such a 
converter is shown in Figure 9.6. It requires only a few 
milliamps to run it, so is suited to battery-powered equipment. 
Using the circuit of Figure 5.16 in the transmitter and the 
circuit of Figure 9.6 in the receiver, the output voltage of the 
receiver is approximately 1.2 times the input voltage at the 
transmitter. When the circuit is powered by a 10V supply, 
the maximum output voltage is approximately 6V. If the 
supply voltage is 9V, a value more convenient to obtain with 
battery power, the maximum output voltage is about 5V. 
Over the range OV to the maximum output voltage the 
relationship between input and output voltages is linear. If 
you wish the output voltage to be the same as the input, the 
output can be reduced by feeding it to a potential divider 
(see dotted modification to circuit). 
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Chapter 10 
THE OUTPUT INTERFACE 


At this point, the chain of mote command has nearly reached 
its end. Now the command is to be passed to the controlled 
device itself. The chapter begins by considering what can be 
done with the simplest type of control system, the single- 
pulse system, and then goes on to look at the more compli- 
cated types of control of the other systems. It ends by 
describing some more specialized forms of contro:. 


Single-pulse control 

The single pulse may be used either to switch a device on for 
as long as the pulse lasts, or to trigger a device into action. 
If the device is triggered into action, it continues its action 
after the pulse has ended. This action could, of course, 
consist of several distinct stages controlled by electrical 
circuits or by mechanisms within the device itself. 

The easiest way to switch a device on or off for as long 
as the pulse lasts is to use a transistor as a switch. This 
method is applicable to devices that operate at relatively 
low voltage, and use direct current. 

The current available at the collector terminal of a transis- 
tor depends on how much current the transistor can safely 
conduct when switched on. In Figure 10.Ja, all current 
passing through the load also passes through the transistor. 
The maximum current allowed is a few hundred milliampere 
if the transistor is of the low-power type. If the load requires 
only a low current it may be necessary to connect a resistor 
in series with the load to limit the current flowing. If a 
current greater than a few hundred milliamperes is required, 
we simply substitute a transistor of higher power rating. 
Examples are the BD131, which can handle up to 3A, and the 
2N3055 which takes up to 15A. The circuit in Figure 10.la 
powers the load when the transistor is switched on (high 
input). The circuit of Figure 10.1b powers the load when the 
transistor is switched off (low input). When the transistor is 
on, all or most of the current flows through the transistor, 
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Input 


ovc = 





(a) High input —® load switched on. 





(b) High input —® load switched off. 


Fig. 10.1 Using a transistor as a switch. 


by-passing the load. There is still a current flowing through 
the load, though normally this is small, for the effective 
resistance of the switched-on transistor is much less than the 
resistance of the load. If the load is a lamp, the current may 
be insufficient to make the filament glow. With other kinds 
of load even a small current may be unacceptable; the solution 
is to use the switching circuit of Figure 10.1a, but with an 
inverted input. If a spare logic gate is available this may be 
used to invert the load. If not, a transistor can be used as 
inverter as in Figure 10.2. 

TTL i.c.s can not be operated above 6V, but if a load 
requires higher voltage, it can be fed from a separate supply, as 
in Figure 10.3. Both sides of the circuit share a common OV 
rail, The voltage on the load side must not exceed the maxi- 
mum collector-emitter rating (Vcgo) of the transistor. When 


138 


+O 


5602. i 


1K2 (y 
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OV 
High input ——® load switched off. 


Fig. 10.2 Another transistor switch. 
O High voltage 
(e.g. +20V) 


1KQ 
Input O——_-{{(__}——_+4 
(e.g. TTL) 


OV = OV 





(a) High input ~-® load switched on. 


Low voltage © High voltage 
(e.g. +5V) {e.g. +20V) 


1KQa 
Input 
(e.g. TTL) 
OV = OV 
(b) High input —® load switched off. 


Fig. 10.3 Switching a load that operates from a higher voltage. 
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using high voltages, high currents, or both, the maximum 
power rating of the transistor must also be taken into account. 
Typical values are 300mW for the ZTX300, 15W for the 
BD131 and 90W for the 2N3055. When operated at high 
power the transistors must normally be mounted on an 
adequate heat-sink. The only exception is if the transistor is 
switched on only briefly and with long ‘off” periods between. 
Then the small quantity of heat generated during the ‘on’ 
period has time to escape during the ‘off’ period, without 
need for a heat-sink. 

A precaution must be taken when switching inductive 
loads, such as motors, bells, buzzers and relays. In these the 
current passes through one or more electromagnetic coils. 
When current is switched off, the sudden collapse of the 
magnetic field causes a high e.m.f. to be induced in the coils. 
This e.m.f. may be tens of volts in magnitude, even though the 
supply current to the load was well below 10V. The e.m.f. 
causes a high current to flow through the coils and, of course, 
through transistors or i.c.s that are connected to the coils. 
Since the induced current is always in a direction opposite 
to that of the supply current it can do a great deal of damage 
in an instant. To guard against this we connect a diode across 
the terminals of any inductive load (Fig. 10.4). This dis- 
charges the reverse current safely. 


Inductive 
load 






1N4148 
etc 


1K 





OV 


Fig. 10.4 Protective diode in use with an inductive load. 


Mention of relays reminds us that here is yet another means 
of switching power to heavy loads. Relays are relatively 
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expensive, bulky and slow-acting compared with transistors 
but, for heavy loads or when the load is to be driven by 
alternating current, a relay is to be preferred. Figure 10.5 
shows the complete circuit of an ultra-sonically controlled 
relay. This could be used for controlling room lighting or for 
switching on any other mains-powered device, such as a radio 
set, an electric fan, or a film projector. The use ofa flip-flop 
(4027) gives it toggle action: press ‘transmit’ to switch on; 
press again to switch off. By suitable choice of relay, this 
circuit could be used to switch on one device while simultane- 
ously switching off another. Wired between the pick-up 
cartridge and amplifier of a hi-fi system, the circuit could be 
used for instantly muting the system when, for example, a 
telephone call has to be made. In this application a heavy- 
duty relay is not required. Instead one could use one of the 
small relays in 14-pin d.i.l. cases (the same size and shape as 
a TTL or CMOS i.c.). These can be used to switch voltages up 
to 100V and currents up to 0.5A. Their small size makes 
them particularly convenient for model-control circuits and 
it is convenient to be able to mount them on the same circuit- 
board as the i.c.s. Another advantage is that they can be 
powered directly by the output of a standard TTL gate. 
One brand of dii.l. relay has the protecting diode already 
built-in, but it is wise to check for this feature before using 
relays of other makes. 

The circuit of Figure 10.5 illustrates the chief features of 
a circuit for controlling a device that operates on relatively 
high voltage or with alternating current. Other receiver 
circuits, or a receiver circuit plus tone-burst detector could 
be inserted in place of the ultra-sonic receiver. If the output 
from the receiver is from a multi-pulse decoder, it can feed 
signals to several other 4027 i.c.s, so switching a number of 
other devices on and off remotely (see later). 

Another type of transistor suitable for power switching is 
the VMOS power transistor. This has the virtue of being able 
to switch large currents. Also its resistance is.negligible when 
it is switched on, making all of the supply voltage available 
for driving the controlled device. Figure 10.6 shows how to 
use such a transistor as a switch. This circuit switches currents 
up to 2A, with a maximum supply voltage of 60V. It requires 
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Up to +60V 





1 
TTL input © VN66AF 


Fig. 10.6 Using a VMOS power transistor as a switch. 


a heat sink if used for switching large currents for prolonged 
periods. 

Figure 10.7 illustrates a trigger circuit. A low incoming 
pulse triggers the 555 monostable multivibrator. Its output 
goes high, switching on the transistor. The diagram shows it 
triggering the switch of Figure 10.1a, but the switches from 
Figure 10.1b to 10.4 could be substituted for this. The 
switch remains on for a period of time determined by the 
capacitance of C1 and the resistance of RI. The equation 
for calculating the length of time the device is switched on is: 


t= 1.1xRxC 


By using suitable values for C1 and Rl, periods of up to 1 
hour may be obtained. If a second pulse is received while 
the device is in operation, this has no effect on the original 
timing period. 

Sequential control 

A commonly required and easily constructed sequential 
control circuit is that which provides toggle action (Fig. 10.8). 
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Fig. 10.7 Pulse-triggered transistor switch. 


Output 
) 






To Vec (+5V): pin 14 

To ground (OV): pins 7, 5, 9. 

To Vee, through 1KQ. resistor: 
pins 2, 3, 4, 10, 11, 13. 


Fig. 10.8 Using a single JK flip-flop to provide toggle action. 


This has an input which may be connected to the output of a 
receiver or decoder, a transistor switch, a relay, or further 
logic circuits, as will be described later. The circuitry of the 
device itself, which is called a J-K flip-flop, is not shown as 
we are not concerned with the internal details of its working. 
One input to this flip-flop is called ‘clock’ and there are other 
inputs which we are not using in this application. The unused 
inputs are connected to the positive rail (SV, V.,) through a 
1 kilohm resistor, to hold them permanently at ‘high’ level. 
Only one resistor is used, one end being connected to the 5V 
rail, the other end being connected to all the pins listed in 
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Figure 10.8. The flip-flop has two outputs, Q and QO: if Q is 
high, Q is low; if Q is low, Q is high. When the clock input 
changes from high to low, Q and Q change state. When clock 
input changes from low to high, the outputs remain unchanged. 
Thus if the input is connected to a receiver and an LED is 
connected to the Q output of the flip-flop, the state of the 
LED (lit or not lit) changes whenever the transmit button is 
pressed. By this simple addition to the circuit of the receiver 
we have arranged for the LED to go on when the button is 
pressed and to stay on, for hours if need be, until the button 
is pressed a second time. 

The next step is to connect two flip-flops in series (Fig. 
10.9). We can use two 7470 i.c.s, each with its single flip- 
flop or, for economy in cost, space and wiring, use the 7473 
which contains two identical flip-flops. The Q output of 


Output 1 





TO Veg (+5): pin 4. 

To ground (OV): pin 11. 

To Vee, through 1K resistor: 
pins 2, 3, 6, 7, 10 and 14. 


Fig. 10.9 Sequential controller, using a 7473 dual JK flip-flop. 


flip-flop I is fed to the clock input of flip-flop 2. As before, 
outputs change state whenever clock inputs go low. The effect 
of this is to produce the sequence shown in the table in Figure 
10.9. There are four stages to this sequence, and the outputs 
change each time the ‘transmit’ button is pressed. 

Electronic circuits of this type are very similar in function 
to the mechanical arrangements formerly used for remote- 
control, and still used in cheap radio-controlled toys. In these 
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there is some kind of ratchet mechanism which is actuated 
each time a radio pulse is received. At the mechanism turns, 
step by step, it brings various gear-wheels or levers into action, 
so the model goes through a sequence of actions. For example, 
a toy ‘robot’ might be made to move forward, turn left, turn 
right, stop, in sequence. If it is moving forward and you want 
it to turn right, you press the button twice in rapid succession, 
so that it skips past the ‘turn left’ stage very quickly. Similar 
escapement mechanisms driven by twisted rubber were former- 
ly widely used in model aeroplanes. We can use the same 
approach with the flip-flop circuit of Figure 10.9, so that 
when controlling two motors we can have neither, one, the 
other, or both running, and can skip from one state to the 
other by pressing the button rapidly the appropriate number 
of times. i 

The arrangement of Figure 10.9 can control two devices 
with a ‘none-one-other-both’ sequence. In this sequence we 
can recognise four distinct stages, so we have the basis for 
controlling four separate actions. All that is needed is that the 
outputs from the two flip-flops are decoded. A circuit for 
this is shown in Figure 10.10. For each of the four combina- 
tions of inputs, one output channel goes high. 

If we require a longer sequence, it is best to use flip-flops 
already interconnected in the form of a counter i.c. Figure 
10.11 shows one way of doing this, using the 7490 decimal 
divider. Each time its input is made low the count at outputs 
A-—D advances one step. The output is in binary form. To 
decode this we employ the 7442 BCD-to-decimal decoder. 
As successive pulses are fed to the input of the 7490, the out- 
puts 0 to 9 of the 7442 go high in turn. A ten-stage sequence 
is likely to be as long as most projects will require, for it is 
generally inconvenient to have to step through half-a-dozen or 
more stages quickly to get from one function to another. For 
sequences between 4 and 10 stages long we can use the 7490 
or other dividers, as listed opposite. 

The S-stage sequence simply uses the last three flip-flops of 
the divide-by-ten chain, the connection from output A to 
input BCD being omitted. The outputs taken from pins 9, 8, 
1} (least significant binary digit first) are fed to pins 15, 14 
and 13 of the decoder. Pin 12 of the decoder is grounded. 
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Inputs from flip-flops 


To Veg (+5V): 

pin 14 of both ICs. 
To ground (OV): 

pin 7 of both ICs. 








Outputs 





Inputs 
from 
ip-flops 


Fig. 10.10 Decoder to activate 1 of 4 outputs in sequence. 


No. Divider 
Stages i.c. 

in used 
seq. 

5 7490 
6 7492 
7 7490 
8 7493 
9 7490 


Input 
to 
pin 


14 
14 


14 


Join NAND Output 
pins outputs from 

from pins 

pins 
- = —11, 8, 9 
1-12 — 9,11,12 
1-12 8, 9,12 —~ 8, 9,12 
- -11, 8, 9 
1-12 11,12 i, 8, 9,12 
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Input 







To Vee (5V): 
!Cl pin 5, 
IC2 pin 16. 

To ground (OV): 
1C1 pins 2, 3, 6, 7, 10,1 Clock 
1C2 pin 8. BCD 


WONHBWNHHO 


Fig. 10.11 10- stage sequential controller and decoder. 


The 6-stage sequence uses the 7492 divide-by-12 counter, but 
not its D output. Again the outputs are taken to pins 15, 14 
and 13 of the decoder. The 7-stage sequence is obtained by 
using the full divide-by-ten range of the 7490, but detecting 
when it gets to count 7 by connecting three of its outputs to a 
3-input NAND gate (7410). At count 7, all three outputs go 
high; the NAND gate output therefore goes low; this is wired 
to the ‘reset-0’ inputs of the 7490 (pins 2 and 3), which are 
not grounded. The effect is that the counter is immediately 
reset to zero and begins counting again from there. The 9- 
Stage sequence is obtained in a similar way. The 8-stage 
sequence uses the last three flip-flops of the 7493 divide-by-16 
ic. In this, as well as in the 5-stage circuit, the first flip-flop 
of the chain is unused, and is available for other purposes if 
required. 

A CMOS version of the above circuits is much simpler to 
wire up (Fig. 10.12) since the divider and decoder are com- 
bined in a single i.c. This can be reset at any desired stage by 
using a set—reset flip-flop constructed from a 4001 i.c. (Fig. 
10.13). The connections to IC2 are taken from output 0 and 
from one of outputs 1 to 9, depending on when resetting is to 
occur. 

The two main features of the circuits described so far in 
this section (Figs 10.8 to 10.13) are: 
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To Vop (+3 to +15V): pin 16. 
To Ves (OV): pins 8, 13, 15. 


WONAOhWNRO 


Fig. 10.12 A CMOS version of the circuit of Fig. 10.11. 


(1) They have a number of outputs, only one of which goes 
high at any given stage. They are thus suited for con- 
trolling a sequence of functions to operate one at a 
time. 


(2) The outputs may be used to drive any of the on/off 
switching circuits of Figures 10.1 to 10.7. 


Sequential contro! can also be used to produce an analogue 
output. The stepping analogue output provided by the PPM 
decoder has already been described. If you have a single 
device that needs to be controlled in this way and no other 
control function is required, it is probably uneconomic to 
build a complete PPM system just for this purpose. An 
exception may be where the environment is noisy and the 
error-checking features of the PPM system are of particular 
value. 

In the sequential systems of Figures 10.9 to 10.13, the 
controlled device performs each function in turn as it is 
stepped on, even though any steps being by-passed are of 
extremely short duration. An alternative approach to 
sequential contro] is shown in Figure 10.14. The circuit 
controls a set of up to 10 functions. Each function can be 
switched on or off independently of the others in any order. 
The outputs are used to switch low-current devices such as 
reed relays directly, or they can be connected to any of the 
on/off switching circuits of Figures 10.1 to 10.7. 
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Inpute 14} Clock 


HN000cd0 C000 0 
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-— 


To Vpp (+3 to +15V): 
ICi pin 16, 
IC2 pin 14. 


To Vsg (OV): 
1Cl1 pins 8, 13, 
1C2 pin 7. 





Fig. 10.13 A CMOS counter-decoder connected to reset 
at the 7th count, making a 6-stage sequence controller. 


The principle of this method of control is that the circuit 
repeatedly steps through 10 stages, numbered 0 to 9. The 
stage number is displayed on a 7-segment LED, visible to the 
operator, The number changes about once every 2 seconds. 
To select a particular function the operator watches the 
changing number on the display until the required number is 
seen. The operator then presses the button on the hand-held 
transmitter. Three types of switching action are possible: 
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(1) Toggle action: Output 0 is made high if a pulse is receiv- 
ed during stage 0. It then stays high during all subse- 
quent stages, including stage 0, until a pulse is received 
during a later stage 0. 


(2) Instantaneous pulse: If a pulse arrives during stages | to 
3,a single instantaneous pulse appears at the correspond- 
ing output. These outputs have several applications: to 
switch functions on for a short period; trigger a circuit 
(Fig. 10.7); to step on an analogue circuit (Fig. 10.14). 


(3) On/off action of one out of a given set of outputs: Ifa 
pulse arrives during stages 4 to 9, the corsesponding 
output goes high. At the same time all other outputs in 
the group 4 to 9 go low. 


In all three methods, the long pulse causes the decimal 
point LED of the display to light, indicating that the com- 
mand has been received and is being acted upon. Note that 
the 7-segment display must be of the common anode type. 

Only a single-pulse transmitter is required to control this 
circuit. Since the circuit is triggered by the arrival of a pulse 
and its action does not depend on the length of the pulse, it 
may be operated by the high-intensity infra-red flash circuit 
of Figure 7.3. Any other single-pulse system may be used, 
including ultra-sonic and radio. 

The logic of this circuit is explained in detail, so that the 
reader is able to modify its construction if necessary to adapt 
it to requirements. Stepping is caused by a clock circuit, 
based on IC1. This oscillates at about 0.6Hz. Its output is 
taken to a decade counter, IC3, which therefore changes stage 
about once every 2 seconds. The outputs are taken to a 
binary-to-7-segment coder (IC4), which causes the correspond- 
ing numeral to be displayed. 

The input to the logic circuit is normally low, and the 
circuit operates on receiving a high pulse from the receiver. 
If the system is such that the receiver output is normally 
high, omit the INVERT gate. When the input pulse arrives, 
it triggers off the two pulse generators of IC2. These 
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ADDITIONAL CONNECTIONS TO GROUND (0V) OR +5V 


Pins 12345 6 7 8 9 10 11 12 13 14 15 16 


1C4 oO 5-- 
1c2 oO 5-- 
Ic3 00.6500 0 a 
IC4 Se 5 0 5 
IC5 oO 5-- 
Ic6 Qe 5 
\C7 © 0 ® 5 
1c8 0 5 ie 
Ico 0 25 Ne te 
cK1i09 OOOO 0 OOO ©5 - - (7472) 
c0obOOs5 OO © 0 ® - - (7473) 
C14 0 5 =< 


@©= connect to +5V through 1KQ resistor. 


Also connect unused inputs 
of 1C1 and 1C11 in this way. 


Fig. 10.14 (continued) 


produce a short pulse and a long pulse; both are low-going 
pulses. 

The long and short pulses now take over control of the 
circuit. The way they do this is described separately for 
the three types of control, since their action is different: 


(1) Toggle action output: The flip-flop action is obtained by 
using a J-K flip-flop i.c., a 7472. If you are designing for 
an application which needs a second flip-flop, it is more 
economical to use a 7473 dual J-K flip-flop i.c. IC3 has 
four output lines, A to D, representing the stage of the 
circuit in binary code. At stage 0 all four outputs are 
low (0000). The four outputs are fed to two OR gates 
in IC8 (pins 1, 2, 4 and 5). When these are low the gate 
outputs at pins 3 and 6 are low, so the output at pin 8 
is low. Only when all four outputs are low and the long 
pulse is operative (low), does the output from IC8, 
pin 11, to the clock input of IC10 go low. A low-going 
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(2) 


(3) 





clock input causes the Q and Q outputs to change state. 
You can use either or both of these outputs for switch- 
ing. When the circuit is next triggered in this way, Q 
and Q change state again, so producing the toggle 
action. 


Instantaneous pulse: At each stage, the corresponding 
output of IC6 goes high for the duration of the long 
pulse. The figure shows 3 of these outputs being used 
directly to provide an instaneous pulse. If a normally 
high output and low instantaneous pulse is required, 
the output is inverted by passing it to one of the spare 
gates of IC11. The output is connected to both inputs 
of the NAND gate; the output from this gate is the 
INVERT of the input. 


On/off action of one of a set of outputs: The outputs 
from IC6 are fed to the ‘set’ inputs of 6 bistable gates. 
These can be constructed from two NAND gates, as 
shown in the figure, or an i.c. such as the 74279 used, 
which contains four bistables ready-wired. The reset 
inputs of all the bistables are wired together. The 
principle of action is that, when the circuit is triggered 
during any of the stages 4 to 9, all bistables are reset by 
the short pulse. The long pulse remains low for a period 
after the short pulse has finished, so the selected flip- 
flop is set. However, we must ensure that the relays can 
not be reset during stages 0 to 3, when toggle-action and 
instantaneous pulse action are selected. The circuit must 
be able to distinguish between stages 0 to 3 and stages 
4 to 9. Binary numbers 0 to 3, all have zeroes as the 
first two digits, whereas numbers 4 to 9 have at least one 
‘1’ in the first two digits. We take the C and D outputs 
from IC3 and OR these together. This has already been 
done in IC8 for the toggle-switch circuit, so we make an 
additional connection to the output at pin 6. This out- 
put is low only during stages 0 to 3. The short pulse, 
which is a low-going pulse is inverted by one of the 
NAND gates of IC11. The resultant high pulse from this 
gate is fed to a second NAND gate, which we call the 
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‘reset’ gate. There it is NANDed with the output from 
the OR gate of [C8. When C and D are both low, the 
input to pin 4 of the ‘reset’ gate is low, and the short 
pulse can have no effect on the output of the ‘reset’ 
gate. The output of this gate remains high. The result 
is that the bistables can not be reset during stages 0 to 
3. But, when either C or D are high (stages 4 to 9), 
pin 4 of the ‘reset’ gate is high and the high short pulse 
produces a short low pulse at the output of the ‘reset’ 
gate. This resets all the bistables. 

The long pulse continues until after the short pulse 
has ended. In ICS the long pulse is ANDed with each of 
the outputs from IC3. The binary code of the stage 
appears on the outputs of ICS for the duration of the 
long pulse. This causes the selected outputs of IC6 to 
go high for the same period. After the reset action of 
the short pulse is completed, one of the bistables 
remains set. If you require a state in which none of the 
outputs are set, one of the outputs must be sacrificed. 
Thus, if output 4 is chosen as the ‘none set’ output 
selecting stages 5 to 9 makes one of the outputs S$ to 9 
go high. Selecting 4 makes ail! of outputs 5 to 9 go low. 


The description above outlines the main points of design 
in this circuit. Other combinations of the three types of 
switching can be implemented by suitable decoding of the 
output of IC3. 


Multiple-pulse control 

In 4-digit systems, the decoder has 4 output terminals, any one 
or more of which can be high at any given time. It is possible 
to use these outputs directly to control 4 separate functions 
independently. They can be used to control transistor 
switches and relays, as described earlier in this chapter. The 
problem is to work out which binary number must be trans- 
mitted in order to bring a given combination of devices into 
action, One way to do this is use a specially designed trans- 
mitter keyboard. Figure 10.15 shows a 4-key keyboard (with 
a fifth ‘transmit’ key) for connection to the coder of Figure 
6.4. To operate this, press the key of each device that is to be 


156 





$aD| Aap 
pajjosyuoD 


"“Apuapuadapul saoiaap p GuijjosUu0D G1 ‘OL ‘bi4 





4a}s|Bay 


49}}}WWsuedy 


Ajwsuell, 





jaued joszuos 


uoIpUNY 


2198S 


157 


‘Transmit’ Y 


G2 To 
a oes Fig. 6.4 


Moto 
. aA 









Motor: 
1 = reverse 1 = left (port) 


2 = stop 2 = ahead or astern 
Slb 3 = forward 3 = right (starboard) 


(a) Control panel-switches. 
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(b) Connections to controlled devices. 


Fig. 10.16 Controlling a model boat. 
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activated, and press ‘transmit’ at the same time. The keyboard 
generates the appropriate binary code. 

Keyboard layout is not restricted to a row of buttons. 
Figure 10.16a shows a modification of the scheme above for 
control of a model motor boat. A 3-position switch is used for 
motor direction control. This is a rotary switch, with 3 posi- 
tions and 2 wafers. Preferably it is mounted on the side of the 
control console. Instead of the customary knob, it would have 
a lever which is in the vertical position when the switch is at 
position 2. The lever is pushed forward for ‘forward’ and 
pulled backward for ‘reverse’. A rotary switch wired in this 
way produces 3 binary codes: 00 for stop, 01 for forward and 
11 for reverse. The least significant digit (A) determines 
whether the motor is running or not. The next digit (B) 
determines its direction. There is no need for code 10, for its 
effect is identical to code 00. Figure 10.16b shows how the 
motor is controlled by two relays, one to switch the motor on 
or off (controlled by digit A), the other to switch the current 
in the required direction (controlled by digit B). 

Rudder control in Figure 10.16 employs a 3-position 
switch, which could be a centre-biassed switch (Chapter 5) 
mounted so that the lever moves to left and to right. The 
rudder is held by two light springs (not shown in the figure) 
which keep it in a central position when neither coil is ener- 
gised. When one of the coils is energised, the soft-iron core is 
pulled into the coil, turning the rudder. Steering requires 
three codes in digits C and D: 00, 01, 10. 

Altogether, the above system uses 9 of the possible 16 
codes. The other 7 codes are ‘wasted’. This does not matter 
if all that is required is to control the motor and rudder. If 
other control functions, such as ‘sound the siren’ or ‘drop 
anchor’ are to be implemented, we need to expand the system 
by decoding the 4 digits so that up to 16 functions may be 
controlled. Figure 10.37 illustrates a range of useful decoder 
i.c.s, both in TTL and CMOS. The 7442 has already been used 
in the sequential control system of Figure 10.14. Each of 
these decoders accepts four binary inputs A to D. At any 
given time the output corresponding to the binary input goes 
high, while all other outputs go low. The 7442 only allows 
input in the range 0 to.9, as does its CMOS counterpart, the 
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Fig. 10.17 Decoder ICs. 
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4028. The 74154, a TTL device, accepts all 16 possible binary 
inputs. The CMOS 4514 and 4515 does likewise. Using the 
keyboard of Figure 5.4 in the transmitter, pressing any one of 
its 16 keys will cause the corresponding output of a 74154 in 
the receiver to go high. Though decoders allow independent 
control of 16 functions, their limitation is that only one can 
be high at any one time. By contrast, the four outputs of 
Figure 10.15 are independently controlled and any combina- 
tion of them can be high at any one time. 

Figure 10.18 shows a circuit which offers a compromise. 
It allows up to 8 functions to be switched on or off, in any 
combination. The transmitter is based on the multiple pulse 
coder of Figure 6.4. The input interface has an 8-way rotary 
switch to select which function is to be controlled. A binary 
switch could be used in place of this, output D (MSD) not 
being used. The remaining controls consist of two push- 
buttons or switches. §2 is a double-pole button (ie. it has 
two entirely separate pairs of contacts). It is called the ‘on’ 
button as it is used to switch the selected function on. One 
pair of contacts replaces the ‘transmit’ button of Figure 6.4, 
The other pair are wired as shown so that, when the button 
is pressed, input D of IC4 is made high. The result is that the 
code group transmitted has digit D high, and the lower three 
digits represent the number of the selected function, in binary 
form. §3 is another ‘transmit’ button, wired in parallel with 
the ‘transmit’ contacts of §2. This button is used to switch 
the selected function off. When S3 is pressed, input D remains 
low, while the lower 3 digits correspond to the function 
number, as before. 

The receiver incorporates the multiple-pulse register circuit . 
of Figure 9.1. Outputs A to C are fed to two 7442 decoders. 
Each decoder receives its D input from a special pulse genera- 
tor (Fig. 10.19). The two outputs of this are normally high. 
This means that the D inputs of both decoders are normally 
high. Whatever the levels of A, B and C, the fact that D is high 
means that the decoder is, in effect, receiving a binary number 
in the range 1000 to 1111 (8 to 15 in decimal). Outputs of 
the 7442 are normally high, except for the one corresponding 
to the binary input. When input is in the range 0 to 7, one of 
the outputs 0 to 7 is low and the rest are high. When the input 
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Fig. 10.18 Controlling 8 devices independently. 
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Fig. 10.19 Details of the pulse generator of Fig. 10.18. 
The INVERT gate can be a spare NAND or NOR gate with its 
inputs wired together. 
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is in the range 8 to 15, all outputs O to 7 are high. 

One output of the pulse generator goes low when the 
‘stop’ pulse is received. Which one goes low depends on the 
input received from the D latch of IC6. If D is high, output 
B remains high, but output A goes low. The result is that IC7 
receives the selected function number at its inputs A to C, 
and a low at its D input. The combination has the effect of 
a number in the range 0 to 7. The corresponding output of 
IC7 goes low, all other outputs remaining high. At the same 
time, input D of IC8 remains high. Inputs A to C are in the 
same state as those of IC7 but, since D is high, the combina- 
tion has the effect of a number in the range 8 to 15. As 
explained above, all outputs 0 to 7 of IC8 remain high. 

The final stage of this circuit consists of 8 bistables, of 
which only one is shown in Figure 10.18. The set inputs of 
these bistables are connected to outputs 0 to 7 of IC7. The 
reset inputs of these bistables are connected to the corres- 
ponding outputs of IC8. Both inputs should normally be high. 
One output is high, the other low. The bistable can exist in 
either one of two stable states. If a low pulse is applied to 
input O, output 0 changes from low to high (unless it is already 
high) and output 1 changes from high to low (unless already 
low). Further low pulses on input 0 have no effect, but a low 
pulse on input 1 causes output 1 to go high, and output 0 to 
go low. Further pulses on input 1 have no effect. Thus the 
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bistable can ‘remember’ on which input line it most recently 
received a low pulse. If input 0 is fed from output 0 of the 
decoder (IC7) and input 1 is fed from output 0 of IC8, a 
command signal ‘0000’ causes the bistable to assume one 
state and a command signal ‘1000’ causes it to change to the 
opposite state. By setting and resetting the bistable we may 
arrange to turn a motor on at command 0000 and turn it off 
at command 1000. Since the outputs of a bistable are of 
opposite sense, a single bistable can turn one device off and 
switch another on simultaneously. 

The state of the D digit determines whether the controlled 
function is turned on or off. The state of this digit depends 
on whether the operator presses the ‘on’ or ‘off’ button of 
the transmitter after selecting the function. Each bistable is 
independently controlled, so that setting or resetting one has 
no effect on the others. One or more functions may therefore 
be switched on in any combination. 

Figure 10.20 illustrates a circuit based on the same prin- 
ciples as that of Figure 10.18, but providing for analogue 
control plus on—off control for 3 functions. Instead of the 
7442 decoders there are 7475 latches. The output from the 
pulse generator triggers either IC7 (analogue) or IC8 (on—off) 
to register the state of digits A to C, depending on whether D 
is high or low. The transmitter has an 8-way rotary switch 
(or binary switch) to select speed. The code produced by the 
switch is transmitted when the ‘transmit speed’ button is 
pressed. To control the functions, one or more of the ‘select 
functions’ buttons is pressed and held; then the ‘transmit 
functions’ button is pressed. A suitable circuit for the 
analogue control is shown in Figure 10.21, and is described 
in the next paragraph. If this circuit is used in conjunction 
with Figure 10.20, simply omit the D connections (to pins 
2 and 3 of IC1). 

The multiple-pulse transmitter produces a 4-digit binary 
number. The code is transmitted and eventually appears in 
the latch registers of the receiver. The next step is to convert 
this digital representation of speed into an analogue form. The 
circuit for doing this, a digital-to-analogue converter, is shown 
in Figure 10.21. It uses a CMOS i.c. because current from the 
outputs can be summed simply by feeding them through 
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Fig. 10.20 Controlling 4 devices, one with analogue control. 


166 


Speed 
commands 


Controlled 
device 










Receiver 


Controlled 
devices 


Function 
commands 


167 


‘4ajanuod anBoyjeuyy-0}-jev6ig 1Z'O1 ‘bly 





(D}2 
16 
*bI4) 
say r}e] 


168 


resistors to the base of TRI. This does not work with TTL. 
Because we are taking outputs from TTL (the latch of the 
decoder circuit) and using these as inputs to CMOS we need 
the pull-up resistors R5—R8 at the interface. The 4050 icc. 
contains 6 non-inverting buffers; for a high input, each gives a 
high output. A high output causes a current to flow through 
the resistor to the base of TR1, the amount of current being 
inversely proportional to the resistance. With the values 
shown in Figure 10.21 the total current is proportional to the 
4-digit binary number represented by the latch outputs, D 
being the most significant digit. Resistors with values 50kQ 
and 400kQ are not available in the standard series, but can be 
made up by joining two resistors in series. In practice, resis- 
tors of values 47kQ and 390kQ are normally close enough to 
the required values. TRI is connected as an emitter-follower, 
and so the potential across R9 varies in proportional to the 
total base current of TR1. The variable resistor VR1 supplies 
sufficient base current to TR2 to keep the transistor switched 
on, and the motor running at its lowest required speed even 
when all latches are zero. In any other condition, additional 
current flows from TR1, tuming TR2 more fully on and thus 
increasing motor speed. The amount of increase is proportion- 
al to the binary number stored in the latch. VR1 can be 
replaced by a fixed resistor if the same minimum speed is 
always required. 

As well as controlling motor speed it may be required to 
control motor direction. The simplest method is to use a 
relay (Fig. 10.22), controlled through a separate channel from 
that controlling speed. It is then possible to control both 
direction and speed independently. If space is restricted and 
weight has to be kept as low as possible, use one of the dil. 
relays with two double-throw contacts. These can be driven 
directly by a TTL output. 

The system described above allows one to change speed 
instantly from one value to another. Often it is sufficient to 
increase or decrease speed gradually until the required new 
speed is reached. Since only two commands are required 
(‘increase speed’, ‘decrease speed’) instead of a distinct 
command for each of the possible values of speed, we are able 
to effect a considerable economy in the transmission of 
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Fig. 10.22 Using a double-pole double-throw relay 
as a reversing switch. 


instructions and can use these savings to provide for instruc- 
tions of other kinds. Figure 10.23 shows how this function 
may be added to the digital-to-analogue converter of Figure 
10.21. The 74193 is a counter that may be clocked to count 
either up or down from its initial state. A low pulse to pin 5 
causes it to increase its count by 1. This takes effect as the 
input rises from low to high. Count [5 is followed by count 0 
when counting up; count 0 is followed by count 15 when 
counting down. By using this i.c., speed can be controlled over 
the whole range of the D-to-A converter by using only two lines. 
The remaining two lines can be used in various ways. Figure 
10.23 indicates one possibility. Line C is used to clear the 
counter by delivering a high pulse, so immediately reducing 
speed to zero, or to whatever minimum speed has been decid- 
ed upon. Line D can be used to operate a flip-flop so that the 
direction of the motor can be reversed by toggle action. On 
_ four lines we have complete control of speed and direction, 
with instantaneous ‘stop’. It is also possible to load a pre-set 
value into the counter. The input pins (see Fig. A.2g, Appen- 
dix A) can be individually wired either to ground or to +5V 
so that, when the ‘load’ input is made low, a predetermined 
value appears at the outputs of the i.c. 
If the ‘clear’ function shown in Figure 10.23 is not required, 
this input must be grounded. 
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Positional control 

Ratchet mechanisms are available, or can be constructed, that 
Operate whenever a coil is energised and can be used for 
moving control surfaces such as rudders and ailerons into a 
restricted number of different positions. These require only a 
power transistor to operate them and can be easily controlled 
by circuits of the types already described. For finer control a 
servo-mechanism is required. In this the control surface is 
moved by reduction-gearing powered by a small motor, the 
surface usually being connected to the gear system by a 
flexible cable. The gear system also turns the spindle of a 
variable resistor. In the digital proportional system the 
variable resistor is wired as part of a pulse generator, and 
there is a circuit to compare the length of pulse generated 
locally with the length of pulse received from the transmitter. 
If they are unequal in length the motor is made to run in the 
appropriate direction so as to turn the variable resistor and 
adjust the length of the locally-generated pulse to make it 
closer in length to the received pulse. When the two pulses 
match. exactly, the motor is stopped, having moved the 
control surface to the required position. 

The digital-to-analogue system operates in a similar way, 
but instead of matching pulse lengths, we match a current 
produced by the variable resistor against a current produced 
by the digital-to-analogue converter. A circuit for doing this 
is shown in Figure 10.24. The converter output comes from 4 
resistors, shown with standard values here, though it could also 
function with only 3 buffers in action if a 3-digit code is being 
used, The currents from the converter and from the wiper of 
the variable resistor VR1 are compared by the operational 
amplifier. This isa CMOS i.c., so the usual precautions should 
be taken when handling it (page 28). This type is chosen 
because it can work on a low supply voltage and its output 
swings strongly toward either supply rail. It is half-way 
between the two rails (= +2.5V) when the two currents are 
equal, but falls sharply to OV when the current from the 
variable resistors is very slightly less than that from the con- 
verter, The output from the operational amplifier goes to two 
pairs of transistors. These are connected as a pair of Schmitt 
triggers, so that though they may be turned on by an increase 
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in.the output voltage from the amplifier, the voltage must fall 
to a slightly lower level before they are turned on again. This 
gives a more positive ‘snap-action’ to the circuit. Note that 
R12 has value 100k2 but R13 has the value 10kQ. The 
effect of this is that as the voltage from the amplifier rises 
TR3 turns on slightly before TR1; as voltage falls TR1 turns 
off slightly before TR3. Thus there is a small range of voltage 
over which TR3 is on but TR1 is off. The Schmitt trigger 
circuits act as inverters, so that when TR1 is turned on TRS is 
tumed off. The three possible states of the circuit are given in 
the table below, which is useful when checking the operation 
of the circuit during construction: 


Current Output of State State State State 
from VRI operational of of of of 
wiper, amplifier TRI TR3 TRS TRO 
compared (approx.) and and 
with that RLAI  RLA2 
from d-to-a coil coil 
converter 
higher more than on on off off 
2.8V 


approx. 2.4-2.8V on off off on 
equal 


lower less than off off on on 
2.4V 


The relay switches can be arranged so that the motor turns one 
way when the wiper current is greater than the converter 
current, turns in the opposite direction when wiper current is 
less than converter current, and is switched off when the two 
currents are more-or-less equal. By making the connections 
to the motor of the correct polarity, the direction of turning 
of the motor can be made such that it turns the wiper of VR1 
so as to reduce the difference between the inputs to the 
amplifier. As the difference approaches zero the motor is switch- 
ed off and the control surface remains in the corresponding 
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fixed position, until a new command signal is received and the 
process of finding the balance-point is repeated to obtain a 
new position of the control surface. 

With 8-digit multiple-pulse control, 8 devices may be con- 
trolled independently by extending the principle of the circuit 
in Figure 10.15. The circuits of Figures 10.18 and 10.20 may 
similarly be adapted to 8-digit operation. However, the great- 
est benefit of doubling the number of digits is realized in 
analogue control systems. With 8 digits, the digital equivalent 
of the analogue quantity ranges from 0 to its maximum value 
in 256 steps. The difference between adjacent steps are so 
small that control is almost indistinguishable from true 
analogue. 





Ov OV 
(Digital) (Analogue) 


Fig. 10.25 8-digit digital-to-analogue converter. 
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Fig. 10.26 Buffers for the D-to-A converter output: 
(a} voltage follower, 
(b} output amplifier for doubling 
(or trebling) the voltage range. 
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Figure 10.25 is the circuit for an 8-digit D-to-A converter. 
Its output voltage ranges from OV to 2.5V as the digital input 
ranges from zero to 255. Separate ground pins are provided 
for the digital and analogue sides of the circuit, if these are 
individually powered. Otherwise both pins may be connected 
to a common ground. Only a small current, in the region of 
lmA may be drawn from the output. Normally a larger cur- 
rent will be required, and possibly it will be necessary to 
increase the voltage range. If so, the output from the con- 
verter is fed to an operational amplifier. Figure 10.26a shows 
an op amp wired as a voltage follower. In this circuit Voyt 
equals V;,, but the amount of current that may be drawn 
from the op amp is considerably greater. In Figure 10.26b, 
not only is the maximum current greater but the voltage 
range is doubled (0 to SV) or trebled (0 to 7.5V). 

Another output interface is shown in Figure 10.27. Here 
the operational amplifier is wired as a differential amplifier, 
its output being proportional to the difference between 
currents flowing to its two inputs. The current to the invert- 
ing input is controlled by adjusting VR1, which can be set so 
as to give zero output at any required level. 







+15V 
(14 to 18V) R5 1MQ 


(or to suit) 


Vrl 
Analogue output 100KQoQ 
from ICi, pin 5 
Fig. 10.25 or 
922 i.c. © 


* Omit R3 if output is from Fig. 10.25 
Fig. 10.27 An interface for the analogue outputs. 
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The maximum rating of most operational amplifiers is 
500mW which is less than most low-voltage motors work at 
when running under load. A rating between 1W and 6W is 
common. 

It is therefore necessary to drive the motor by using a 
power transistor. Figure 10.28 shows a straightforward way of 
doing this; this method can also be used for brightness control 
of lamps and other applications. 

+15V Current-limiting 
resistor if lower 
voltage motor used 
(or use lower 
voltage supply) 





9V—12V 
motor 
From output 
of amplifier 2N3055 
(Fig. 10.26 or 
Fig. 10.27) 
OV 





Fig. 10.28 Controlling a low-voltage d.c. motor. 


Figure 10.29 shows a circuit for motor contro! that is 
particularly useful when the motor is subjected to varying load 
during operation. If load on the motor increases, current 
through the motor increases, causing a rise in potential at the 
junction between the motor and the emitter of the transistor. 
This rising potential is fed to the inverting input of the ampli- 
fier, causing its output to fall, switching the transistor slightly 
off and reducing the flow of current to the motor. Thus, this 
circuit maintains a steady current to the motor, keeping it at 
steady speed under varying load. It also allows the motor to 
run steadily at low speed, without jerking, and gives greater 
realism to models powered in this way. 

In audio applications the analogue outputs can be used for 
the control of volume. With three analogue outputs it would 
be possible to contro! two channels of a stereophonic system 
independently, and use the third output for balance control. 


178 


+15V 








From analogue 
output of 
receiver IC 


2N3055 
or BD131 


Motor 


OV 


Fig. 10.29 Stabilised speed control for a d.c. motor. 
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Fig. 10.30 Controlling volume levels 
in audio remote control applications. 


A device for controlling volume is the MC3340P electronic 
attenuator (Fig. 10.30). By varying the current supplied to 
its control pin (pin 2), the audio signal may be attenuated in 
the range 0 to 90dB. 
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PPM control 


The outputs of the 922 PPM decoder and ways to use them 
are as follows: 


(1) Program outputs: 

These outputs are intended primarily for switching channels 
on a remote control television set. Only 1 channel or program 
is to be on at any given time. Selecting a new program auto- 
matically cancels the previous selection. If you have a model 
that is to perform any one of 10 functions but only one 
function at a time, the logic of the i.c. provides ten different 
4digit binary numbers that simply need decoding. If the 
outputs are used direct, we have a run from binary 6 to binary 
15 (see table on page 132) and the obvious choice for a 
decoder is the CMOS 4514 or 4515 ic. These are binary to 
1-of-16 decoders, the 45!4 giving a high output on the selec- 
ted output line and the 4515 giving a low output on the 
selected lines, all other lines having the reverse state. A 
circuit for decoding appears in Figure 10.31. The outputs 











Program 
no. 


Program oo 
outputs from) BO 
receiver IC co 
{pins 12-15) [po 


{or on/standby output 
from receiver JC, pin 8) 


oan nonhWNY OC 


O0V 
Fig. 10.31 Decoding program outputs from PPM IC’s. 
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on output lines 6 to 15 may then be used to drive lamps, 
motors, relays and other devices as described already. Remem- 
ber to leave one code free as an ‘all-off’ code should you want 
to have the state in which no functions are in operation. 
Another way of doing this is to connect ‘standby’ output to the 
‘inhibit’ input of the 4514 or 4515. This is initially high, so 
the initial program output (1111) is inhibited. As soon asa 
program command is received ‘standby’ output goes low, 
allowing the decoder to produce the appropriate output. On 
pressing ‘standby’ the ‘standby’ output goes high again, thus 
inhibiting the output from the decoder and causing all func- 
tions to cease. 

If 4 or fewer functions are to be controlled by program 
outputs, a decoder is unnecessary. Each function is control- 
led by one of the program outputs A, B, C and D. Using 
invert gates if necessary, the functions are brought into action 
when the corresponding line goes low. Thus we can command 
program 1 to make line D go low, program 2 to make line C 
go low; program 4 to make line B go low; and program 8 to 
make line A go low. These lines could instead be connected 
to two flip-flops giving toggle action on two functions (Fig. 
10.32). Program 8 provides on—off control for one function; 
program 4 provides on—off for the other function. These are 
but a few examples of the ways the program outputs can be 
used. In any given circumstance it is generally a simple matter 
to devise the required logic, based on the principles discussed 
here and elsewhere in the book. 

The way of using the outputs of the 926/929 range of 
receiver i.c.s is the same as described above for the program 
outputs of the 922. They can also be used to drive switching 
transistors as in Figures 10.1 to 10.4. 


(2) Analogue outputs: 

Each of these may be used in the same way as the outputs 
from the D-to-A converter of Figure 10.25. The maximum 
output current from each output is 1.3mA. If the sink 
resistors have the value 3.9k as shown in Figure 9.4, the 
potential at each output can be varied from zero to 5V. With 
resistors of greater values, higher potentials can be obtained 
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decoder 
tc 
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Fig. 10.32 Producing a toggle action on program outputs. 
Inverse action is obtained by connections to pins 2 and 14. 


but there is loss of linearity. Figures 10.26 to 10.30 illustrate 
various ways of using the analogue outputs. 


(3) On/Standby output: 

This is initially high, goes low whenever a program change is 
commanded and may be made high by ‘standby’ command. 
It then remains high until another program change is com- 
manded. This could be used to control a muting operation 
in an audio application. The sound would be muted by the 
‘standby’ command, and restored whenever a new program 
was selected. In model control it could be used to switch off 
power to several sections simultaneously pending the activa- 
tion of one or more sections by program outputs. In other 
words — a true ‘standby’ control, putting the model temporarily 
in an inactive condition while awaiting fresh instructions. The 


182 


logic necessary tor making use of this output could be as 
simple as a CMOS buffer gate, controlling whatever power 
transistors are needed to effect the required actions. 


(4) Pulse output: 

This produces a low pulse of length approximately equal to 
1/fose whenever any command signal is received. One applica- 
tion of this is some visual indication that the signal has been 
received. This could take the form of an LED which flashes 
to indicate that event. Figure 10.33 shows how a 555 timer 
i.c. can be triggered to flash an LED once on receipt of a pulse 
from Pulse Output. The length of flash depends on the values 
of Cl and Rl. With the values given the period is approxi- 
mately 2 seconds. 






+15V0 
390KQ | 
D1 
TIL209 
© 
From pulse 
R2 
output of 
receiver IC c2 8202 
0.01luF 
Ovo 


Fig. 10.33 Using the pulse output to give indication 
that a signal has been received. 


(5) Toggle output: 

This output is low at switch-on. If ‘Analogue 2’ output is 
reduced to zero, ‘Toggle’ output goes high. It remains high 
for as long as ‘Analogue 2’ output is zero; if ‘Analogue 2’ 
output is increased, either by using the ‘Analogue 2+’ 
command or by the ‘Normalise’ command, ‘Toggle’ output 
returns to low. When ‘Analogue 2’ output is greater than 
zero, ‘Toggle’ output can be made high by sending ‘Toggle’ 
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command. It can then be made low again by sending any 
program command, any analogue command, ‘Standby’ or 
‘Normalise’. The change from high to low occurs immedi- 
ately after the command has been effected. 


Controlling a computer 
As in Chapter 5, we deal with the popular computers 
individually. 


Amstrad CPC 464, 664 and 6128. The easiest way of sending 
signals to the Amstrad computers is by way of the joystick 
port (Fig. 10.34). Use a D-type 9-way socket, coinecting the 
ground of the receiver circuit to the ‘ground’ pin of the 
socket and the data line from the receiver to pin DO of the 
socket. The joystick port accepts only TTL inputs (maximum 
input voltage is +SV). 


Top 


DO DI D2 D3 D6 
00000) 
SaetO.O" 


D4 D5 Gnd Gnd2 


(not used) 
Bottom 


Fig. 10.34 The joystick connector in Amstrad computers, 
as seen from the rear of the machine. 


The state of the input is then read by using a statement 
such as: 


X = JOY(0) 


If DO is high, the statement returns the value X=0. If DO is 
low, then X=1. By suitable programming it is possible for 
the computer to analyse an incoming chain of pulses received 
at DO. In effect, the program takes the place of a 4-digit or 
8-digit decoder. 
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If your receiver includes a multiple-pulse decoder with a 
4-digit or 8-digit output, lines A to D (or G) may be connected 
to DO to D3 (or D6) of the joystick. There is no pin for D7, 
so only 7-digit input is accepted. When using 4-digit input, 
D4 to D6 may be left unconnected and are read as if they were 
high. The corresponding values of JOY(O) are given in Table 
10.1. 


Table 10.1 Values obtained when receiving data 


State of data input Value of JOY (0) 
All high VIII 0 
DO low 12111110 1 
D1 low 11111101 2) 
D2 low 11111011 4 
D3 low 11110111 8 
D4 low 11101111 16 
DS low 11011111 32 
D6 low 10111111 64 


If more than one data input is low, the value of JOY(0) equals 
the sum of the values given in the table. 


BBC Microcomputer. The User Port accepts only TTL inputs 
(maximum voltage is +5V). The first step is to set DDRB so 
that some or all of the lines are inputs: 


10 A%=&97:X%=&62:Y%=254:CALL &FFF4 


The statements above set line DO (Fig. 5.9) as input and the 
rest as Outputs. For 4-digit input (DO to D3) the value of Y% 
should be 240; for 8-digit input (all data lines as inputs) it 
should be 0. 

Having done this we may read the value of data present on 
the line(s) as follows: 


20 A%=&96:R=(USR(&FFF4) AND &10000)/&10000 
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The statements above return R having the value (0 or 1) on 
the data line DO. For 4-bit input (on DO to D3) substitute 
‘&FOOOO’ for the first ‘&10000’ in the statement. For 8-digit 
input substitute ‘FFOO00’. 


Commodore 64. To set DDRB for input on DO only, use: 
10 POKE 56579 ,254 

To read the value on line DO, use 
20 R=PEEK(56577) AND 1 


R has the value 0 or 1, depending on the state of the line. To 
read 4-digit inputs the corresponding statements are: 


10 POKE 56579,240 
20 R=PEEK(S6577) AND 15 


To read 8-digit input, the statements are: 


10 POKE 56579,0 
20 R=PEEK(56577) 


Spectrum 48K, + and 128K. The Spectrum does not have a 
User Port, but an interface to the microphone (MIC) socket 
may be used instead. Figure 10.35 shows a simple interface 
for a single-digit input. The state of the input is read by using 
IN 61438. Unfortunately, the value obtained is somewhat 
erratic. With low input (OV) the value is normally 255, but 
is occasionally 191. With high input it is normally 191, but is 
occasionally 255. Thus we have to read input several times 
and use the total to determine the state of the input. The 
program below reads the input 20 times and then prints out 
the input state: 


10 LET x=0 

20 FOR j=1 TO 20 

30 LET x=x + IN 61438 
40 NEXT j 
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{Cl 
2 x 7400 To +5V: ICI pin 14 


To OV: IC1 pin 7 






O.luF i 
Input Output to 
Mic socket 


2) 
To Spectrum 


OV line of 
ground 


interface 
Ground Output 


Fig. 10.35 Interfacing to the Spectrum computers. 


50.” IF x > 4800 THEN PRINT “High”: GO TO 70 
60 PRINT “Low” 

70 PAUSE 5 

80 GO TO 10 


After experimenting with this program for a while, you 
should be able to adapt it for reading in a series of pulses and 
analysing the results. The pulse rate must be slow if reliable 
results are to be obtained. 


Stepper motors 

Stepper motors have many applications, especially in robotics, 
so this section includes circuits suitable for remote control of 
such motors. The operation of a stepper motor is best done 
by using a special controller i.c., the SAA1027 (Fig. 10.36). 
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Pulse O 






DirectionO 


Reset © 


Fig. 10.36 Using an 1C to control a stepper motor. 


The motor rotates a step at a time whenever a high-going pulse 
is fed to pin 15 of the ic. A motor may take 48 steps to 
perform a complete revolution. The direction of turn is con- 
trolled by the input to pin 3. If this is OV, the motor turns 
in a clockwise direction. If it is 12V it turns in an anti- 
clockwise direction. The other control available is the reset, 
pin 2. This may be connected to 12V, in which case resetting 
is inoperative. If connected to OV, the stepper is held reset, 
and the motor stops turning. 

There are two aspects to stepper motor control. One is that 
by regulating the rate at which pulses are supplied, we can 
control the speed of rotation. Secondly by feeding a given 
number of pulses to the controller ic. we can control the angle 
through which the spindle turns — we have control of position. 
zs latter feature is of importance in controlling models and 
robots. 
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To +12V: 
C3, pin 14 
To OV: 
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1C3 
YM x 4011 


(See text) 
To ICl, 
pin 15, 


OV (Fig. 10.36) 


Fig. 10.37 Pulse generator for the stepper motor. 


The 555 timer i.c. is useful as a pulse generator, since it 
works on the same voltage as the motor and controller i.c. 
Figure 10.37 shows the 555 wired to produce the stepping 
pulses. The output of the 555 can be connected directly to 
the pulse input of the controller. If C2 has the value 4.7uF, 
the pulse rate is about 100ms, so the motor takes about 5 
seconds to make a complete revolution. Even slower speeds 
are obtainable by increasing the value of C2 or of the resistors. 
Increased speeds are obtained by reducing C2; if this is 
0.22uF, the motor rotates about 4 times a second. This is 
close to the maximum speed obtainable. 

If the motor is to operate at a fixed speed, and to be 
stopped and started by remote control, all that is needed is 
the AND gate of Figure 10.37 acting as an enabling gate. 
When the enable input is high, the motor turns. This input 
can be controlled by a single-pulse system, or by a single 
output from any other digital system. If directional control 
is required too, then two latches, controlled by a sequential 
pulse system would be the simplest solution. The 4 outputs 
from the multiple-pulse decoder of Figure 9.1, for example 
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could control two stepper motors turning them on or off and 
deciding the direction of turn. Since the decoder is based on 
TTL Circuitry, operating at 5V, and the stepping circuits work 
at 12 volts, it is essential to interface the two circuits. This 
may be done by using transistors as switches (e.g. Fig. 10.1b). 
A more convenient way, especially if there are several outputs 
to interface, is to use a TTL gate with open-collector high- 
voltage output. Figure 10.38 shows how to use one of the six 
buffer gates of the 7417. 


+12V 
(max 15V) 


Output to CMOS 
or other high voltage 
circuit 


TTL 
output 





IC1 
Me x 7417 


Fig. 10.38 Interfacing TTL output to CMOS 
or other high-voltage devices. 


The circuits outlined so far depend on a pulse generator in 
the controlled device, operating at a constant rate. A straight- 
forward way of controlling the pulse rate remotely would be 
to arrange for resistors of different values to be switched in 
place of R3, using relays. A more elegant solution to speed 
control is shown in Figure 10.39. IC1 generates pulses at a 
fixed rate, the fastest rate that is required. The pulses are 
fed to a counter (IC2), the outputs of which count round 
the binary sequence 0000 to [111 once every sixteen pulses. 
The four outputs each go to an exclusive-OR gate of IC3. 
The other input to each gate comes from latches of a multiple- 
pulse decoder (e.g. Fig. 9.1 or the outputs of a 928 or 929 
PPM receiver). These outputs are set to hold any value 
between 0000 and 1111. Counting proceeds until the four 
output levels from IC2 are identical to those from the control 
latches. At this instant the outputs of all four exclusive-OR 
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Fig. 10.39 Variable-rate pulse generator for the stepper motor. 
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gates go low. All four inputs to the NOR gate of IC4 are low 
so its output goes high. A pulse is sent to the stepper motor 
i.c. and the motor steps on once. The high pulse from [C4 is 
also NANDed with the output from the timer. When the 
two inputs are high, the output of the first NAND gate goes 
low and that of the second NAND gate goes high. This short 
high pulse resets the counter to 0000. Thus IC2 counts up 
from 0000 until it reaches the value set by the control latches. 
At this point it delivers a pulse to the stepper motor i.c. and is 
reset back to 0000, ready to count up again. The higher the 
value of the input code, the longer the counter takes to match 
that value, the less frequently the high pulse from IC4 and the 
more slowly the motor turns. If the input code is 0000, the 
counter is continually reset and the motor does not turn. 

When building the circuit of Figure 10.39, it is important 
that the supply should be decoupled by wiring 0.1u capacitors 
between the 12V and OV lines at several places on the circuit 
board. In particular the counter i.c. may suffer from pulses 
on the supply line and fail to count properly. This may 
usually be cured by wiring a O.luF capacitor as close as 
possible to pins 7 and 14. 

IC2 is actually a 7-stage counter so it is feasible to extend 
the principle of this circuit to give a finer degree of control 
of speed. 
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Chapter 1] 
GETTING STARTED 


It has been assumed in earlier chapters that you already have 
a remote control application in mind. If so, the first thing to 
do is to decide which type Of transmission link to employ 
(Chapter 2) and what methods of control to use (Chapter 4). 
Then Chapters 5 to JO provide you with the circuit modules 
to use for building the system. However, if you have bought 
this book simply with the idea of exploring the possibilities 
of remote control, you may prefer some guidance when 
designing your first system. This chapter makes some 
suggestions for easy applications of remote control techniques. 
For each application, it outlines how to assemble a system 
from the modules already described. The suggestions are 
intended only as starting points. When you have built a 
project, or perhaps even while you are planning it, you may 
think of improvements to make it better suited to your needs, 
or to extend it in some way. The flexible approach of the 
book allows you the maximum freedom to modify, extend 
and generally to experiment with applications of remote 
control technology. 

The projects described in this chapter are all suitable for a 
beginner, though some of them may interest the advanced 
enthusiast too, Whether you are a beginner or an expert, read 
through the detailed description of the first project. It con- 
tains advice and points of general importance, printed in 
bold type, that apply to most projects, simple or otherwise. 


Simple on/off switching 
There are many applications for switching something on “and 
off remotely. Below we list some examples, but the reader 
can probably think of many more, depending upon his or 
her individual interests. 


(1) On/off control for a radio set or record player. It is pre- 
ferable for the radio or player to be a battery powered model” 
This eliminates the difficulties of having mains voltages on 
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Fig. 11.1 Power-supply switching: (a) battery sandwich, 
‘exploded’ view and section showing sandwich inserted between 
two cells in the battery compartment; 
(b) Wiring a relay in series with the on/off switch. 
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some parts of the circuit. The obvious method by which to 
control the radio or player is to switch its power supply on 
or off, using a remotely controlled relay. This is done by 
inserting the relay in series with the instrument’s own on/off 
switch. Two ways of doing this are shown in Figure 11.1. 
These methods are applicable to other battery powered 
equipment too. Method (b) involves cutting or unsoldering 
a wire inside the instrument. If your instrument is still under 
the manufacturer's guarantee, note that cutting wires or 
making other modifications may invalidate the guarantee. 

Many types of light-duty relay are available. Reed relays 
operate on low voltages so are ideal for use in conjunction 
with TTL or CMOS. Check the operating voltage of the relay 
in the supplier's catalogue before you order. There are 
advantages in using the miniature reed relays that are avail- 
able in a casing of the same size and style as a TTL or 
CMOS i.c. These are conveniently mounted on the same 
board as the other components. 

Since this is a beginner’s project, ultra-sound or infra-red 
makes a good choice of transmission link. If the device is to 
be activated only for as long as the control button is pressed, 
choose a single-pulse system. Otherwise a sequential-pulse 
system with a flip-flop can be used to toggle a press-on/press- 
off action. The elements of a suggested ultra-sonic system 
are shown in Figure 11.2. The transmitter is built on a single 
board, is battery-powered (PP3) and may be housed in a case 
small enough for holding in the hand. Use a small plastic food 
or cosmetic container, buy a cheap plastic box from Wool- 
worth’s or a (more expensive!) special case for hand-held 
controllers. Of the latter, the type with a battery compart- 
ment is useful, provided that the cells fitting into the com- 
partment will give the correct operating voltage. 

If possible, the receiver circuit is built on a circuit- beard 
small enough to fit inside the case of the radio or player. 
A piece of Blutack or a Sticky Fixer is often a good way to 
hold the board in place. The receiver circuit is operated from 
the battery supply of the radio, which is normally in the range 
6V to 12V, which is suitable for this purpose. Take special 
care that no conductive part of the board can make contact 
with conductive parts of the circuit of the instrument. Check 
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Ultrasonic 
transmitter 
(Fig. 7.1) 


Ultrasonic J-K Flip-flop 
receiver (4027) 
(Fig. 8.1) (Fig. 10.5) relay (Fig, 10.5) 


Transistor 
switch or 





Fig. 11.2 
Ultra-sonic on/off control for a radio set or tape-player. 
For an infra-red system, the transmitter is Fig. 7.2(b} 
or Fig. 7.3, and the receiver is Fig. 8.2 or Fig. 8.3. 


that closing the case does not force previously separated parts 
into contact. The ultra-sonic transducer or the light sensor 
may be fixed to the outside of the case with adhesive tape or 
Sticky Fixers. 

If you are building a sequential pulse system, it may be 
necessary to include circuitry to eliminate contact bounce. 
For the sake of simplicity try using a simple button or switch 
first but, if there are problems with contact bounce, use the 
circuit of Figure 5.6a. If your system uses infra-red, another 
solution is to use an ordinary button, followed by the short 
high-intensity pulse transmitter of Figure 7.3. 

Other on/off switching projects, all of which may be 
realized with virtually the same circuits include: 


(2) Tape player: Exactly as above. 
(3) Battery powered toy vehicles: On/off control motor 
(including reversing), lights, hooter etc. Steering is more 


difficult unless you have adequate mechanical skill. Provides 
hours of fun fora child. 


(4) Model railways: Controlling the locomotive, points, 
signal lights etc. 
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Fig. 11.3 Wiring a lamp to be turned on or off remotely 
or ata wall-switch. 
Inset: alternative relay with two 1-way contacts. 


(5) Table lamp: Useful for invalids and the elderly. 


(6) Porch lamp: To switch it on from the garden gate, if 
there is a long dark path from gate to porch. Figure 11.3 
shows how to wire the light so that it may be controlled 
manually also. 


(7) Electronic flash: A remote flash is useful for background 
lighting and when photographing large interiors. 


(8) Solenoid operated devices: A reasonable amount of 
motive power may be applied remotely by making use of a 
solenoid. Applications include operating the shutter of a 
camera (useful for nature photographers), opening or closing: 
windows, operating bolts, and other functions limited only 
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‘Reset’ (Charge) THY] 





Solenoid 


Fig. 11.4 
Delivering a very high current to a solenoid. The leads to 
the solenoid may be extended at the points marked *. 


by your ingenuity. In its inactive state the soft-iron core is 
only partly inside the solenoid. When a large current is passed 
through the coil the core is drawn into the core forcibly. It is 
this action that is used to provide the motive power. If 
possible, the mechanism should be designed so that the core 
falls out of the coil (or is returned by a spring) ready for a 
repeat action. A relatively large current is required for a 
strong positive action. Figure 11.4 shows a battery-powered 
circuit in which a charge is built up in high-capacitance capac- 
itors and then rapidly discharged through the coil by triggering 
a thyristor into conduction. 

A few of the projects listed above involve switching mains 
currents. The circuit shown in Figure 10.5 is the basis for 
most systems of this type. It is suggested that you build this 
circuit using an ultra-sonic receiver, as shown, or substitute 
the infra-red receiver of Figure 8.2 or Figure 8.3. The chief 
point to consider during planning and construction is that the 
leads to the relay contacts and to the primary coil of the trans- 
former are at mains voltage. Exposed parts and wires must 
not be allowed to come into contact with the wiring of the 
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control circuits. All wires carrying mains voltage should be 
thick enough to carry the currents required to drive the 
controlled device. Similarly, the relay contacts should be 
rated to carry at least the current required. A stout case 
is essential; it is preferable to buy a case specifically made 
for electronics devices rather than to try to improvise a case 
from a sandwich-box or biscuit-tin. The case may be of 
metal or plastic construction. If it is metal, a firm connec- 
tion must be made between the case and the earth line of the 
mains. Ensure that no live parts of the circuit are able to come 
into contact with the case. On the whole a good-quality 
plastic case is to be preferred, except where the case is liable 
to physical damage. 

Projects involving mains are not recommended for 
beginners. 


On/off and volume control for a radio set or tape player 
This is a slightly more complicated project, though is still 
limited to switching by relays. True analogue control of 
volume and other functions is too complex for a first project. 
Ultra-sound or infra-red are the obvious choices for the 
transmission link. If you are building this as an extension of 
the on/off controller described above, it is simpler to use a 
sequential pulse system. You can then use the same 
transmitter. 

There are two methods of sequential pulse control. In one 
(Fig. 11.5), successive stages are: on, change volume, off. A 
change in volume produces a stepped increase until maximum 
volume is reached; the next change after that reduces volume 
to the minimum. This circuit is rather slow to use, but has 
the merit of simplicity and low cost. Note that it requires a 
cut in the loudspeaker lead, which might invalidate the 
manufacturer's guarantee. 

The on/off function operates by disconnecting the loud- 
speaker. The change in volume operates by switching one of 
more resistors into series with the loudspeaker. Relays are 
wired so that the contacts are closed when the coils are not 
energised. Outputs from the decoder go high in turn each 
time a pulse is received, so opening the contacts. When RLAO 
is open the sound is muted. When one or the other relays is 
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Fig.11.5 
Ultra~sonic volume control for a radio set or tape-player. 
For an infra-red system, the transmitter is Fig. 7.2(b) 4 
or Fig. 7.3, and the receiver is Fig. 8.2 or Fig. 8.3. 


eA RLA1 RLA2 RLA3 


vrontaaa radio 
or player fou dente ker 
circuit 


Fig. 11.6 
Wiring relays and resistors into the loudspeaker circuit. 
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open the volume depends upon the value of the resistor thus 
introduced into the circuit (Fig. 11.6). The exact values 
required for the resistors must be found by trial. For a start- 
ing point, try Rl=22 ohm, R2=47 ohm, and R3=100 ohm, 
assuming that the speaker is an 8-ohm one. 

Pin 10 of the counter-decoder ic. (I1C1, Fig. 10.13) is 
wired to pin 6 of IC2, so that the counter resets when stage 4 
is reached. 

Other projects can be based on the same principles as the 
one described above. Resistors switched by relays can be used 
to control the speed of toy vehicles and model railways. 
Direction of travel can be controlled by a reversing switch 
(Fig. 10.22), Though the stepper motor (Figs 10.36 to 
10.39) is often preferable, simple relay switching of ordinary 
motors has many applications in robotics. 

The above are just a few suggestions to get you started. 
After you have built the first few projects and have become 
experienced in the general principles of remote control you 
will be able to add and adapt many other of the circuit 
modules described in this book. We hope that this book 
will help you design novel and useful remote control systems 
that will enhance many aspects of your life. 
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Appendix A 
DATA FOR THE CONSTRUCTOR 


Transistors, diodes and regulators 

Diagrams of terminal connections of all types mentioned in 
this book appear in Figures Al. In these diagrams the connec- 
tions are shown as viewed from the underside of the device, 
except for the diodes, which are shown in side view. 


NPN TRANSISTORS 















collector b 
ec be 
base ele ree) 
Ce collector ease] BC107 Z2TX300 
SYMBOL 2N3055 = BC 108, BC109 
nn Gey ecb bee |YMOSIQNER 
C5 [==], ieee j 
(no base) metal facet’. —s metal heat-sink | Metal heat-sink 
TIL78 80131 TIPA1 








sgd 
PNP T ISTORS 
ng ANS =) VNE66AF 
collector («2 0) 
ZTX500 THYRISTOR 
base metal 
heat-sink 
emitter ae 
SYMBOL BCS57 2N3906 kag 


C106 


P DIODES REGULATOR 
Arrows only if 


light-emitting 


an 
anode fe cathode anode cathode 
—___I-_—— 


a 1N4148, OA47 common 
SYMBOL BZY88, 1N4001 input | output 
Infra-red eaihode 
aie meee {short wire) 
ae) sur acem anne a as 
(long wire) eats! 
TIL38, THL209 TIL100 7805, 7812, 7815 
Fig. Al 
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Integrated circuits 

Diagrams of terminal connections of the most frequently used 
types mentioned in this book appear in Figures A2. In these 
diagrams the connections are shown as viewed from above 
when the device is mounted on a circuit-board. The connec- 
tions for the following i.c.s are shown elsewhere in the book: 
in Figure 6.9, page 70, 490; in Figure 9.4, page 131, 922; 
and in Figure 10.17, page 160, 4028, 4514, 4515, 7442, 
74154. 


MISCELLANEOUS ICs 


ov +4.5 to 15V Ground +V 
Trigger} oischarge NOMS houtput 
Output Threshold Inv. input Strobe 
Reset Control —V Balance 
voltage 
555 311 
Timer Comparator 
Output 
fitter C3 Output Vpp D 
Low Osc. time 
pass Cp Ground constant c Outputs 
Input Timing Ry Cz PPM input B 
+V Timing Ry Vss A 
NE567 926/927/928/929 
Tone decoder PPM receivers 
End of 8 
conversion 
Output 7 7 N 6 
enable Bits 
a 6 8 5 
tart 
conversion 5 Bits NC 4 Bits 
Rext 4 ENABLE 3 
Vin 3 Analogue O/P 2 
Vret in 2 Veet in 1 
Vref out 1 Veet out +Voc 
Ground ItVec Analogusa Digital 
ground ground 
ZN427 


A-to-D converter Fig. A2a D-to-A converter 
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MISCELLANEOUS ICs (continued) 








N NC Vcc 
Reset Count input 
Mode Vecl 
Extl. 
resistor Vcec2 ENABLE * 
Ground Ground ENABLE 
Output 1 Output 4 
NC NC 
Output 2 Output 3 Ground 
SAA1027 75173 
Stepper motor driver Cee 
Voc 
Ground 
14) : 1489 
RS$232 line driver RS232 line receiver 
3x NAND, 1 x INVERT 4x INVERT, with control 
Input Vcc Current source Vec 
NC Scale factor Input 
Logic output Threshold 
One-shot 
Ground RC 
Output 4151 
Voltage-to-frequency 
converter 
Ground Vec 
LM2917 
Frequency -to-voltage 
converter 
NC +V input +Voc 
Cap+ Osc. Control Output 
Ground LV Ground Roll-off 
Gap — Vout NC NC 
7660 MC3340P 


Voltage converter Fig. A2b Audio attenuator 
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OPERATIONAL AMPLIFIERS 





Bal./comp. Comp. Offset null NC 
Inv. input +510 18V Inv, input +3 10 18V 
Non-inv. Non-inv. 
input Output input Output 
—5 to —18V Balance —3 to —18V Offset nul! 
301A 741 
Freq. comp. A Freq. 
& offset null comp. B Offset nulil Strobe 
lav, input +5 to 18V Inv. input +V 
Non-inv. Non-inv. g 
input Output input Output 
—3 to —18V Offset null OV or —V Offset null 
748 CA3130 


(Supply: +5 to 16V 

or +2.5 10 8V) 
CA3140 

(Supply: +4 to 36V 


NC indicates no connection or +2 to 18V) 








CMOS ICs 
Q_ indicates an output 
Q isthe inverted output f 
NC indicates no connection 
rs V +3 to 15V 
V +310 15V 1 Reset 
0 Clock 
Outputs< 2 Enable 
6 Output +10 
(carry out) 
7 
1 
3 4 > Outputs 
ov 8 
4011 (NAND gates) 4017 
4070 {EXOR gates) Decimal counter/divider 


4093 (NAND Schmitt gates) 


Fig. A2c | 
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CMOS ICs (continued) 





ap Vpop Q2 V +3 to 15V 
ao Zener G2 Qi 
Phase comp Signal In Clock 2 a1 
VCO Out Ql Reset 2 Clock 1 
INH } Ext. K2 Reset 1 
Ext. resistors J2 K1 
capacitors SF Set 2 I 
Vss VCO tn ov Set 1 
4046 4027 
Phase locked loop Dual J—K flip-flop 
+3 to 15V NC ’ V +3 to 15V 
Capacitor 1 ’ 
Capacitor 
Reset 1 } 2 
NC + Trigger 1 Reset 2 
— Trigger 1 + Trigger 2 
Qi — Trigger 2 
at Q2 
ov ov a2 
4050 4098 
Hex non-inverting bu fter Dual monostable 
and TTL driver multivibrator 
Vop Clock Yop 
Reset NC 
Q6 Q0 
as Qi 
04 NC 
NC Q3 Q2 
Ground NC Vss NC 
4002 4024 
Dual 4-input NOR Seven-stage counter 


Fig. A2d 
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TTL ICs 





7400 (NAND gates) 7402 
7408 (AND gates} (NOR gate) 
7432 (OR gates) 

and LS versions 








Inputs {? oy 
os f 
Lamp test g 
Ripple-blank O/P a 
Ripple-biank I/P b > Outputs 
D c 
Inputs ie d 
Ov e| 
7413 7447 
Dual 4-input NAND BCD to 7-segment 
Schmitt gates decoder 
NC +5V Clock 1 J1 
Clear Preset Clear 1 a1 
J2 Clock K1 Q1 
J1 K2 +5VE - Ov 
J3 K1 Clock 2 K2 
Q K3 Clear 2 Q2 
ov Q J24 a2 
7472 7473 (and LS) 
J—K flip-flop Dual J—K flip-flop 


{J3 and K3 not inverted) 


(single J—K inputs) 


Fig. A2e 


TTL ICs (continued) 


ai a1 

Data input 1 Q2 

Data input 2 Q2 
Clock 3 & 4 Clock 1&2 

+5V Ov 

Data input 3 a3 

Data input 4 Q3 

a4 a4 

7475 


Quadruple latch 





7414 (Hex Schmitt trigger) 
7417 (Hex inverter buffers, 
open-collector 
high-voltage outputs) 


Serial in a +5V 
{A A 


Parallel J 8 B 
outputs Cc Cc 


Lo D 


Mode control 


7495A 
4-bit shift register 


Outputs 


Clock 1 
OV Clock 2 


Input B Input A 
Reset of Be 
Output A 
NC Output D 
+5VE ov 
ee Output 8 
deat {} Output C 


7490 
Decade divider/counter 


Input B Input A 
NC 
Reset of Gurpuns 
NC Output D 
+5V ov 
NC Output 8 
NC Output C 


7493 
Divide-by-16 counter 


Clock Clear 

A QA 

Preset~ 8 QB 
Cc ac 

+5V OV 

D aD 

Preset {? OE 

Preset enabie Serial in 


7496 
‘65-bit shift register 


Fig. A2f 
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TTL ICs (continued) 


J LJ re. an 
Ecce Voc 
Stro| 
Strobe 
Ground Ground 
425 


7 7430 
Dual 4-input NOR, 8-input NAND 
with strobe 
Serial : Vcc {Input B +5V 
inputs (B QH QB Input A 
Clear 
OA QG Outputs QA 
QB) QF Count down Borrow 
Outputs 
3 QE Count up Carry 
QD Clear ac Load 
Ground Clock aD Cinput 
Di t 
74164 ay Hp 
8-bit parallel output 74193 
serial shift register Reversible 


binary counter 
D = Data input 


Q= Output 

Clear Vec 1R +5V 
1Q 8a 1S1 4S 
1D 8D 182 4R 
2D 7D 1Q 40 
2a 7a 2R 382 
32 60 2s 351 
3D 6D 20 3R 
4D 5D Ground 30 
4a 5a 74279 

Ground Clock 5 = set 
. R= reset 
74273 = 
Octal D-type flip-flops Q = output 


Fig. A2g 
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TTL ICs (continued) 


Output control Vec 
1a 8Q 
1D 8D 
2D 7D 
2a 7Q 
3Q 60 
3D 6D 
4D 5D 
40 50 

Ground ENABLE 
74373 
Octal D-type latches 
D = Data input 
Q= Output 
Fig. A2h 
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Appendix B 
USEFUL BOOKS FOR THE BEGINNER 


Easy introduction to electronic theory 


Enjoying Electronics by Owen Bishop, published by 
Cambridge University Press, 1983 


A practical introduction to electronic circuits by Martin 
Hartley-Jones, published by Cambridge University Press, 
1977 — not quite as easy but goes into greater depth, 
and is well written. 


Project building 
All the following books are published by Bernard Babani 
(publishing) Ltd: 


227, Beginners Guide to Building Electronic Projects by 
R. A. Penfold. 

BP48, Electronic Projects for Beginners by F. G. Rayer. 

BP97, IC Projects for Beginners by F. G. Rayer. 

BP107, 30 Solderless Breadboard Projects — Book I by 
R. A. Penfold 

BP113, 30 Solderless Breadboard Projects — Book 2 by 
R. A. Penfold 

BP110, How to Get Your Electronic Projects Working by 
R. A. Penfold 

BP121, How to Design and Make Your Own PCBs by R. A. 
Penfold. 


Computer interfacing 

These books, published by Bernard Babani (publishing) Ltd, 
go into the details more fully than has been possible in this 
book, and some include useful tips on programming for input 
and output. 


BP124, Easy Add-on Projects for Spectrum, ZX81 and Ace by 
Owen Bishop. 
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BP171, Easy Add-on Projects for Amstrad CPC 464, 664, 
6128 and MSX Computers by Owen Bishop. 


BP130, Micro Interfacing Circuits — Book 1 by R. A. Penfold. 
BP131, Micro Interfacing Circuits — Book 2 by R. A. Penfold. 
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Appendix C 
SUPPLIERS 


Maplin Electronic Supplies Ltd, P.O. Box 3, Rayleigh, Essex 
SS6 8LR. Telephone Enquiries (0702) 552911. 

Supply most components used in this book, as well as kits 
and p.c.b.s for the radio control transmitter and receiver, 
the mains transceiver, and the stepper motor driver. 


Electromail, P.O. Box 33, Corby, Northants NNI7 9EL. 
Telephone Orders (0536) 204555. 
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Appendix D 
POWER SUPPLIES 


Many, if not most of the projects described in this book can be 
operated from batteries. Batteries have the advantage in port- 
able equipment, particularly hand-held controllers. For 
CMOS including CMOS versions of TTL, with its very low 
power requirements, a small 9V battery such as a PP3 can 
provide power for several weeks of operation. Standard and 
low-power TTL circuits are designed to operate on a 5V 
supply, which is not convenient to obtain from batteries. 
However, they seem to work equally well on 6V. Standard 
TTL requires more current than CMOS, so may be unsuitable 
for powering by batteries if there are several complex i.c.s. 
One solution is to replace the standard TTL (7400) by the low 
power Schottky range (74LS00), as has been done already in 
several circuits in this book. Indeed, some of the TTL i.c.s 
are not available in the standard range. 

For long periods of operation, for extensive circuits, and 
where portability is not essential, a mains power pack is 
preferable. Power pack kits are available, but it is not a diffi- 
cult matter for a person with a little constructional experience 
to build a mains power supply. This can often be accommo- 
dated on the same circuit board as the remote control circuit. 
Care must be taken that parts at mains voltages can not come 
into contact with parts at low voltages. Circuits must be care- 
fully checked before connecting to the mains. When testing 
mains-powered circuits, it is recommended that power is taken 
from a mains socket with a residual current circuit breaker. 

Figure D1 is a circuit for a 12V stabilized supply. The- 
transformer TI is rated at 1OOVA and has a 15¥V secondary 
winding. The 15V a.c. is rectified by the bridge of diodes D1— 
D4. These may be individual rectifying diodes rated at 5A or 
more, or a bridge rectifier also rated at SA or more. The 
rectified 15V d.c. is smoothed by capacitor C1, which should 
be rated for a working voltage of at least 15V. The stabilizing 
circuit consists of R1, TR1 and the zener diode DS. TRI is 
a power transistor and should be bolted to a heat sink. Final 


217 


“Wg 01 dn Bursanljap ‘Ajddns samod pasijigeys 3j0A-~,_ 1 q ‘Bl4 





A0O 
Adet 


yndjno "o"p 
qe 
P9ZIfIqe1S WAOOT Ajdeins 
TL SUIRW 
AcI+O—O—-O O O71 


vs SSOENZ. 
Is4d T4L ts 


218 


smoothing of the supply is by C2, also at least 15V working 
voltage. Although it is not essential, it is recommended that a 
5A fuse (FSi) be fitted. This circuit will produce ample 
power for all the devices described in this book. The design 
can be modified for other output voltages by substituting a 
zener diode of other voltages. The transformer chosen should 
have a secondary winding of output voltage slightly more 
than the required stabilized voltage. If a voltage lower than 
12V is used, or the current requirements are less than SA, 
the power rating of the transformer can be correspondingly 
reduced. For example, fora 6V output and a maximum of 2A 
current, the power rating of the transformer need only be 
12VA. It is worth considering this point because a trans- 
former with lower power rating is cheaper and is smaller. A 
wide range of p.c.b. mounting transformers is available, rated 
at 12, 6 or 3VA. These are inexpensive and take up little 
space, making them specially suitable for compact equipment. 

For optimum operation TTL requires a regulated power 
supply; the circuit of Figure D2 employs a voltage regulator to 


IC1 7805 


1/P o/P 


Common 





Fig. D2 5V regulated power supply for TTL, up to 1A. 


produce a well regulated SV supply from a stabilized supply 
of higher voltage. The figure shows the regulator receiving a 
12V supply, but operates just as well on any voltage from 7V 
to 25V. The regulator may need a heat sink. 
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7 emote Control 
Handbook 


Ever since the predecessor of this book, Remote Control Projects (BP73) 
Wes published in 1980, there has been continuous interest in it from 
electronics enthusiasts and from workers in various fields, who have serious 
applications for remote control technology. Now, in response to this interest, 
we produce a completely new book on the subject. 





This book contains improved and updated versions of some of the previous 
circuits. As well as this we have added a number of completely new circuits 
that have not been published before. Many of these are concerned with aspects 
of remote contro! that have increased in importance during the last few years. 
In particular, there are circuits for interfacing microcomputers to remote 
control systems, for using fibre-optics, and for using the domestic mains wiring 
stem as transmission links. There are new circuits for stepper motors, 
ttage-to-frequency conversion and frequency-to-vo!tage conversion. 












note control systems lend themselves to a modular approach. This 
jossible for a wide range of systems, from the simplest to the most 
uilt up from a number of relatively simple modules. We have 
hat, as far as possible, the circuit modules in this book are 
one another. They can be linked together in many different 
to produce remote contro! systems tailored to individual 
ir you wish simply to switch a table lamp on and off, to 
lel aircraft, or to operate an industrial robot, we hope that 
the circuits you require. 
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